OEOCRIFTIO i r 
IN-MOLD DECORATING SHEET AND IN-MOLD DECORATED 
ARTICLE USING THE SAME \ 



5 Technical Field ^ ^ <<V 

The present invention relates to an inrjmaifa 

decorating sheet, as well as an in-mold decorated article 

using the same, for use in decorating JJag* surfaces of 

molded products of three-dimensional shape$ including* 

<\ 

10 interior automotive trims such as A console box, center 

A 

cluster, and switch base? . exterior automotive trims such as Q . 
side mudguard, bumper,, wheel covers and braid,* and 
component parts for household electrical appliances such as & 
refrigerator door and air-conditioner front panel. 

15 Background Art 

A widely used method for decorating automotive 
trims and household electrical appliance parts as described 
above includes forming a pattern by performing colored $ 
coating, plating, or ' the like on a desired color and 

20 pattern, and thereafter applying an entire-surface 
overcoating for protection of the pattern. However, 
coating and plating have been problematic in terms of 
environmental hygiene. 

In contrast to this, as a method for decorating 

25 tj>e surface without coating, there has been known an in- 
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mold decorating method using an in-mold decorating sheet. 

This method includes setting an in-mold 

decorating sheet into an injection mold, clamping the mold, 

injecting a molten molding resin into a cavity of the mold, 

and allowing the molding resin to set, -whete the in-mold 

Or 

decorating sheet 61 is integrally bonded to £&e surface of 

a. 

tKe resin molded article 74, by which an in-mold decorated 
article is obtained (see Fig. 34) . 

The in-mold decorating sheet is, generally, 
composed of a pattern. layer having a pattern, a substrate 
sheet serving for covering and protecting the pattern layer, 
and a backing sheet for protecting the decorating sheet 
against heat and pressure caused by the molding resin or 
serving as a pattern sheet by itself. 

However, such in-mold decorating sheets as 
described above have had the following issues, respectively. 

A first issue is that unless the in-mold 
decorating sheet is made from a material having certain 
properties, the in-mold decorating sheet could be neither 
three-dimensionally worked into a desired configuration nor 
processed for in-mold decorating. 

That is, in a case where the in-mold decorating 
sheet is made from a material such as a pure ethylene-vinyl 
acetate film, there has been an issue that heat of £Ke 
molding resin injected ^xi ' injection molding process is 



applied to the in-mold decorating sheet and, besides 7 the 
in-mold decorating sheet is stretched along the flow of the 
molding resin, leading to a break of the in-mold decorating 
sheet. 

Also, in another case where the in-mold 

decorating sheet is made from a material having high heat 

resistance and low elongatability such as biaxially 

oriented polyethylene terephthalate, polyimide, polyether 

ether ketone, polysulf one, polyethersulf one, polyetherimide, 

or polyamide-imide films, there has been an issue that it 
AS 

wuul4 be difficult to work the in-mold decorating sheet 
into a three-dimensional configuration. In particular, the 
more deeply the in-mold decorating sheet is drawn, the more 
difficult it is to work the in-mold decorating sheet into a 
three-dimensional configuration. 

Further, when the in-mold decorating sheet is 
made from a material having low rigidity, the in-mold 
decorating sheet becomes liable to collapse in its three- 
dimensional configuration after tj^ three-dimensional 
working of the in-mold decorating sheet, leading to a 
lowered configuration retainability . In such a case, there 
has been an issue that it becomes difficult to process an 
in-mold decorating sheet for trimming or in-mold decorating. 

Therefore, it is an object of the present 
invention to provide an in-mold decorating sheet, as well 
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as an in-mold decorated » article using this in-mold 
decorating sheet/ which^aj^e suited for working into a 
three-dimensional configuration without breaking due to 
heat of £t*e molding resin injected oar tKe injection molding 
5 . process, and which sett- superior. in configuration 
retainability after prfe working^into a. three-dimensional 

configuration. 

$UMM/t£Y OF Ttf£ INl&JTION 
-P- ioclosure Of Inventio n 

In order to accomplish the above object, the 

10 . present invention has the following constitutions. 

According to a first aspect of the present 

invention, there is provided an in-mold decorating sheet 

having high three-dimensional workability for use in a 

manufacturing method of an in-mold decorated article© ""the 

15 method -eomp rising: setting an in-mold decorating sheet into a 

mold for in-mold decorating sheet injection-molding? ^fter 

clamping the mold, in j octing molding resin and allow ing ^ -fefee 

-mendi ng - r esdn to J>^ cooled and solidified, by which e ntir e by 

or part of the in-mold decorating sheet is integrally bonded 

20 to a surface of the molding resin© whcreifi — 

"the in-mold decorating sheet comprises at least a 

substrate sheet and a backing sheet, exhibits a colored state, 

and has the following characteristic^ valueG : 

(1) when a tensile test is carried out with a 10 

25 mm wide test specimen of the in-mold decorating sheet fixed 



between a pair of chucks at a chuck-to-chuck distance of 5 
mm, by applying a load at a constant rate of 500 mm/min to 
one end of the test specimen under an ambient temperature 
condition of 62 94 °C, the test specimen exhibits a 

tensile load at braaV, of not less than 23 gf; 

(2) the in-mold decorating sheet changes in 
properties due to heat within a temperature range of 40 - 
200°C; and when a tensile test is carried out with a 10 mm 
wide test specimen of the in-mold decorating sheet fixed 
between a pair of chucks at a chuck-to-chuck distance of 5 
mm, by applying a load of 20 gf at a constant rate of 500 
mm/min to one end of the test specimen under an ambient 
temperature condition within a range from the temperature 
of property change to a temperature at which the in-mold 
decorating sheet is thermally decomposed, the test specimen 
exhibits a tensile elongation at brco r fr of not less than' 
130%. 

According to a second aspect of the present 
invention, there is provided the in-mold decorating sheet 
according to the first aspect, wherein the manufacturing 
method of the in-mold decorated article comprises: after 
working the in-mold decorating sheet into a three- 
dimensional configuration, removing portions of the in-mold 

decorating sheet unnecessary for decorating by trimming 

A 

process; then setting the in-mold decorating sheet into the 
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mold for injection-molding; and after clamping the mold, 
injecting molding resin and allowing the molding resin to be 
cooled and solidified/ by which the - cntirot - y or part of the 

a 

in-mold decorating sheet is integrally bonded to ptie surface 
5 of the molding resin*, a**d — wher e in ^Ihen a tensile test is 
carried out with a 10 mm wide test specimen of the in-mold 
decorating sheet fixed between a pair of chucks at a chuck- 
to-chuck distance of 5 mm, by applying a load at a constant 
rate of 500 mm/min to one end of the test specimen under an 
10 ambient temperature condition of 25°C,-.a product of Young's 
modulus and a cube of thickness of the in-mold decorating 
sheet measured the tensile test is not less than 1 

kgfmm . 

According to a third aspect of the present 
15 invention, there is provided an in-mold decorating * sheet 
according to the first or second aspect, wherein a pencil 
hardness value of the in-mold decorating sheet measured on 
one side thereof opposite to the side to be bonded to the 
molding resin is 3B - 2H. 
20 According to a fourth aspect of the present 

invention, there is provided an in-mold decorating sheet 
according to the third aspect, wherein the substrate sheet is 
a film selected from among undrawn or lightly-drawn 
polyethylene terephthalate film, noncrystalline or low- 
25 crystalline polyester copolymer film, acrylic film, 
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polycarbonate film, polypropylene film, polybutylene 
terephthalate film, polystyrene film, polyurethane film, 
acrylonitrile butadiene-styrene copolymer film, nylon film, 
polyvinyl chloride film, fluoric film, and cellulose 
5 acetate film. 

According to aL fifth aspect of the present 
invention, there is provided an in-mold. decorating sheet 
according to any one of the first to fourth aspects, wherein 
a thickness of the in-mold decorating sheet is not less than 
10 250 |am, a thickness of the in-mold decorating sheet excluding 
thickness of the backing sheet is not more than 200 pm, and 
color of the backing sheet is /C dark - co l c re -f ailin g within the 
following ranges in the CIE1976 (L*a*b* ) color system: 
9 £ L* <; 75 
15 -40 < a* £ 40 

-60 <> b* 30. 

According to a sixth aspect of the present 
invention, there is provided an in-mold decorating sheet 
according to the fifth aspect, wherein the backing sheet is a 

20 film selected from among acrylic film, undrawn or lightly- 
drawn polyethylene terephthalate film, noncrystalline or 
low-crystalline polyester copolymer film, polypropylene 
film, polyethylene film, polystyrene film, fluoric film, 
polybutylene terephthalate film, methacryl-styrene 

25 copolymer film, acrylonitrile butadiene-styrene copolymer 
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film, polycarbonate film, polyurethane film, nylon film, 
polyvinyl chloride film, and nitrocellulose film. 

According to a seventh aspect of the present 
invention, there is provided an in-mold decorating sheet 
according to any one of the first to fifth aspects, wherein 
material of the backing sheet is a material which prevents 
vaporization and foaming. 

According to an eighth aspect of the present 
invention, there is provided an in-mold decorating sheet 
according to any one of the first to seventh aspects, wherein** 
difference in shrinkage factor between the substrate - fil m- 
and the backing sheet is 0/1000 - 8/1000. 

According to a ninth aspect of the present 

invention, there is provided an in-mold decorating sheet 

according to the eighth aspect, wherein the substrate sheet 

is an acrylic film and the backing sheet is a polypropylene 

<\ 

film containing olefin rubber and A filler material. 

A 

According to a tenth aspect of the present 
invention, there is provided an . in-mold decorating sheet 
according to the ninth aspect, wherein when the olefin 
rubber is ethylene propylene rubber or ethylene-propylene- 
diene terpolymer ,^its content is 20 - 150 parts by weight 
on the basis of 100 parts by weight of propylene resin. 

According to an 3r lth aspect of the present 
invention, there is provided an in-mold decorating sheet 



according to the S&h aspect, wherein when the filler 
material is talc, its content is 5 - 20 parts by weight on 
the basis of 100 parts by weight of propylene resin. 

According to a 12 th aspect of the present 
5 invention, there is provided an in-mold decorating sheet 
according to any one of the lei! to 11th - aspects, wherein a 
pattern layer is formed between the substrate sheet and the 
backing sheet. . t 

According to a * 13th aspect of the present 
10 invention, there is provided a method for manufacturing an 



in-mold decorating sheet, wherein when the patterrj. layer of 



: f rr L 

the in-mold decorating sheet defined in the 12th aspect is 



formed, a carrier sheet^ whose dimensional change rate under 
an ambient temperature of 90°C is within 0.6%>is laminated ori^ 

15 the substrate sheet, and the pattern layer is formed on a 
surface of the substrate sheet or the backing sheet 
opposite to the carrier sheet. r 

According to a 3r4-th aspect of the present 
invention, there is provided a method for manufacturing an 

20 in-mold decorating sheet, wherein when the pattern layer of 
the in-mold decorating sheet defined in the -iS-feh aspect^ the 
pattern layer is formed on a carrier sheet whose 
dimensional change rate under an ambient temperature of 
90°C is within 0.6%, and thereafter the substrate sheet is 

AO 

25 laminated on the pattern layer sideband further the carrier 
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sheet is separated and removed^so that the pattern layer is 
formed on a surface of the substrate sheet or the backing 
sheet . " „ 

According to a - 13 Hi aspect of the present 
5 invention, there is provided a method for manufacturing an 
in-mold decorating sheet according to the l^feh. or -W-fch aspect, 
wherein the carrier sheet is a biaxially oriented polyester 
film or a biaxially oriented polypropylene film. 

According to a ±6&rr aspect of the present 

10 invention, there is provided an in-mold decorating sheet 
according to any one of the is* to 3r5th aspects, wherein a 
second pattern layer is formed between the backing sheet and 
the pattern layer. i 

According to a £-7-bh aspect of the present 

15 invention, there is provided an in-mold decorating sheet 
according to the aspect, wherein the substrate sheet is 

made from an easily vaporizable, foamable material, and the 
second pattern layer is made from a material that prevents 
vaporization and foaming. x \ 

20 According to an l&th aspect of the present 

invention, there is provided an in-mold decorating sheet 
according to the Ir^-th- aspect, wherein the second pattern 
layer is made from any one selected from among polyethylene 
resin, polypropylene resin, styrene resin, f ire-retardant 

25 ABS resin, and thermoplastic polybutadiene resin. 
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According to a -1 -Q t - h aspect of the present 
invention, there is provided an in-mold .decorating sheet 
according to any one of the J-srt to 4-61rh aspects, wherein 
the backing sheet is a lamination of a plurality of sheets^ 
5 and a difference in shrinkage factor between the substrate 
sheet and the - farthest — back - i - n g sheet^from the substrate . 
sheet is 0/1000 - 8/1000. t 

According to a gO tr h aspect of the present 

invention, there is .provided an in-mold decorating sheet 

10. according .to the l^feh aspect, wherein the backing sheet is 

formed from a plurality of polypropylene film layers, the 

substrate sheet is an acrylic film, and at least the 

-£a*^kes.t propylene film layer from the acrylic film 

<x A 

contains olefin rubber and/or filler material. 
15 According to a - 2 lot aspect of the present 

invention, there is provided an in-mold decorated article 

a 

formed by a method comprising: setting into mold 

i . uj p r , 1^ i^i^ae4-d^LPL g the in-mold decorating sheet defined in 

any one of the JUrt to -3rS^h and the ibStrh to 20fr h aspects; 

20 and after clamping the mold, injecting molding resin and 

allowing the molding resin to be cooled and solidified, by 

which fe- h - c onti-g g'by or part of the in-mold decorating sheet 

CX 

is integrally bonded to feife surface of the molding resin. 

B^EP D&SC£-f P?W Of b£AW\N6*> 
HrisjC— D e&e-r-irp-t-io n— 0-f— 0-r^win^s 

25 These and other aspects and features of the 
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present invention will become clear from the following 
description taken in conjunction with the preferred 
embodiments thereof with reference to the accompanying 
drawings, in which: 

Fig. 1 is a sectional view showing one of the 
steps of a method for manufacturing an in-mold decorated 
article using an in-mold decorating sheet according to a 
first embodiment of the present invention; 

Fig. 2 is a sectional view showing one of the 
steps of the method for manufacturing the in-mold decorated 
article using the in-mold decorating sheet according to the 
first embodiment; 

Fig. 3 is a sectional view showing one of the 
steps of the method for werkin g the in-mold decorated 
article using the in-mold decorating sheet according, to the 
first embodiment; 

Fig. 4 is a sectional view showing the in-mold 
decorated article obtained by the in-mold decorated article 
manufacturing method according to the first embodiment; 

Fig. 5 is a sectional view showing the in-mold 
decorating sheet according to the first embodiment; 

Fig. 6 is a sectional view showing the in-mold 
decorating sheet according to the first embodiment; 

Fig. 7 is a sectional view showing the in-mold 
decorating sheet according to the first embodiment; 
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Fig. 8 is a sectional view showing the in-mold 
decorating sheet according to the first embodiment; 

Fig. 9 is a sectional view showing a three- 
dimensionally worked in-mold decorating sheet to be used 
5 for the in-mold decorated article manufacturing method 
according to the first embodiment; 

Fig. 10 is a sectional view showing one of the 
steps of the method for manufacturing the in-mold decorated 
article according to the first embodiment; 
10 Fig. 11 is a sectional view showing : one of the 

steps of the method for manufacturing the in-mold decorated 
article according to the first embodiment; 

Fig. 12 is a perspective view showing a tensile 
tester for measuring ptf^ tensile strength of an in-mold 
15 decorating sheet; 

Fig. 13 is a plan view showing a portion for 
fixing a test specimen in the tensile tester; 

Fig. 14 is a sectional view showing a portion for 

fixing a test specimen in the tensile tester; 

20 Fig. 15 is a view showing a pencil scratching 

tester for measuring pencil hardness of a substrate film 

CK 

(substrate sheet) on arts — orre surface opposite to the 
surface on which the substrate film is^bonded to molding 
resin; 

25 Fig. 16 is a view showing integrating sphere type 
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light transmittance measuring equipment to be used for 
determining p*€ haze value of the substrate film (substrate 
sheet) ; 

Fig. 17 is a sectional view showing £h£ insert 
film as the in-mold decorating sheet according to the first 
embodiment of the present invention; 

Fig. 18 is a sectional view showing one of the 

a 

steps of £fcfe method for manufacturing an insert film as an 
in-mold decorating sheet according to a sixth embodiment of 
the present invention; 

• Fig. 19 is a sectional view showing one of the 
steps of the method for manufacturing the insert film as 
the in-mold decorating sheet according to the sixth 
embodiment of the present invention; 

Fig. 20 is a sectional view showing one of the 
steps of the method for manufacturing the insert film as 
the in-mold decorating sheet according to the sixth 
embodiment of the present invention; 

Fig. 21 is a sectional view showing one of the 
steps of tj*6 method for manufacturing an in-mold decorated 
article by using the insert film as the in-mold decorating 
sheet according to the sixth embodiment of the present 
invention; 

Fig. 22 is a sectional view showing one of the 
steps of the method for manufacturing the in-mold decorated 



15 

article by using the insert film as the in-mold decorating 
sheet according to the sixth embodiment of the present 
invention; 

Fig. 23 is a sectional view showing one of the 
5 steps of the method for manufacturing the in-mold decorated 
article by using the insert film as the in-mold decorating 
sheet according to the sixth embodiment of the present 
invention; 

Fig. 24 is a sectional view showing the in-mold 
10 decorated article obtained by using the insert film as the 
in-mold decorating sheet according to the sixth embodiment 
of the present invention; 

Fig. 25 is a perspective view showing equipment 
for measuring tensile elongation at break of an insert film 
15 as an in-mold decorating sheet; 

Fig. 26 is a plan view showing a portion for 
fixing a test specimen in the equipment for measuring 
tensile elongation at brea^ 

Fig. 27 is a sectional view showing the portion 
20 for fixing the test specimen in the equipment for measuring 
tensile elongation at break; 

A 

Fig. 28 is a sectional view showing a decorating 
insert film as an in-mold decorating sheet according to a 
third embodiment of the present invention; 
25 Fig. 29 is a sectional view showing the 
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decorating insert film' as the in-mold decorating sheet 
according to the third embodiment of the present . invention; 

Fig. 30 is a sectional view showing a method for 
manufacturing an in-mold decorated article using a trimmed 
5 decorating insert film as the in-mold decorating sheet 
according to the third embodiment of the present invention; 

Fig. 31 is a sectional view showing a method for 
manufacturing the in-mold decorated article using the 
trimmed decorating insert film as the in-mold decorating 
10 sheet according to the third embodiment of the .present 
invention; 

Fig. 32 is a sectional view showing a trimming 
example of a decorating insert film as an in-mold 
decorating sheet; 
15 Fig. 33 is a sectional view showing a trimming 

example of a decorating insert film as an in-mold 
decorating sheet; 

Fig. 34 is a perspective view showing an example 
of £Ke in-mold decorated article as an in-mold decorating 
20 sheet; 

Fig. 35 is a sectional view showing a method for 
manufacturing an insert-molded decorated article using a 
trimmed decorating insert film according to the prior art; 

Fig. 36 is a sectional view showing a method for 
25 manufacturing an insert-molded deicorated article using a 
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trimmed decorating insert film according to the prior art; 

Fig. 37 is a sectional view showing a method for 
manufacturing an insert-molded decorated article using a 
trimmed decorating insert film according to the prior art; 
5 Fig. 38 is a sectional view showing a preforming 

decorating sheet as an in-mold decorating sheet according 
to a fifth embodiment of the present invention; 

Fig. 39 is a sectional view showing the 
preforming decorating sheet as the in-mold decorating sheet 
10 according to the fifth embodiment of the present invention; 

Fig. 40 is a sectional view showing a preforming 
decorating sheet as an in-mold decorating sheet according 
to a fourth embodiment of the present invention; 

Fig; 41 is a sectional view showing the 
15 preforming decorating sheet as the in-mold decorating sheet 
according to the fourth embodiment of the present 
invention; 

Fig. 42 is a sectional view showing an in-mold 
decorating sheet according to a sixth embodiment of the 
20 present invention; 

Fig. 43 is a sectional view showing the in-mold 
decorating sheet according to the sixth embodiment of the 
present invention; 

Fig. 44 is a sectional view showing the in-mold 
25 decorating sheet according to the sixth embodiment of the 
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present invention; 

Fig. 45 is a sectional view showing a state of 
(X a 
£Ke embodiment in which pie backing sheet adjacent to the 

substrate sheet is given b y a colored sheet of metallic red 

or the like with black pigment mixed; 

A 

Fig. 4 6 is a sectional view showing a state of 
tj>^ embodiment in which $#e backing sheet adjacent to tb£ 
substrate sheet with a thickness of 200 |am or less is -givoR 
py^ a colored sheet of metallic red or the like with black 

pigment mixed; 

A 

Fig. 47 is a sectional view showing a state of 

tpfe embodiment in which p?fe backing sheet is adjacent to 
CK 

pr& colored substrate sheet; 

Fig. 48 is a sectional view showing a state of 
embodiment in which a transparent colored pattern layer 
is set between two colorless, transparent * substrate sheets 
with a total thickness of 200 pm or less; 

Fig. 49 is a graph showing a relationship between 
a tensile test curve at an environmental temperature of 
25°C and a tensile test curve at temperatures at which the 
environmental temperature varies in nature due to heat; 

Fig. 50 is a side view of a portion for fixing a 
test specimen in the pencil scratching tester of Fig. 15; 
and 

Fig. 51 is a plan view of a portion for fixing a 
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test specimen in the pencil ' scratching tester of Fig. 15. 
-Be st Mod e for Carryin g— Gtt-t— the I nv entrion 

Before the description of the present invention 
proceeds, it is to be noted that like parts are designated 
5 by like reference numerals throughout the accompanying 
drawings . 

(First Embodiment) 

Hereinbelow, a first embodiment of the present 
invention is described in detail with reference to the 

10 accompanying drawings. 

Figs. 1 to 3 are sectional views each showing one 
of the steps of the method for manufacturing an in-mold 
decorated article using an in-mold decorating sheet 
according to a first embodiment of the present invention. 

15 Fig. 4 is a sectional view showing the in-mold decorated 
article obtained by the in-mold decorated article 
manufacturing method according to the first embodiment. 
Fig. 5 is a sectional view showing the in-mold decorating 
sheet according to the first embodiment of the present 

20 invention. Fig. 6 is a sectional view showing an in-mold 
decorating sheet according to the first embodiment of the 
present invention. Fig. 7 is a sectional view showing an 
in-mold decorating sheet according to the first embodiment 
of the present invention. Fig. 8 is a sectional view 

25 showing an in-mold decorating sheet according to the first 
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embodiment of the present invention. Fig. 9 is a sectional 
view showing a three-dimensionally worked in-mold 
decorating sheet to be used for the in-mold decorated 
article manufacturing method according to the first 
5 embodiment of the present invention. Fig. 10 is a 
sectional view showing one of the steps of the method for 
manufacturing an in-mold decorated article according to the 
first embodiment of the present invention. Fig. 11 is a 
sectional view showing one of the steps of the method for 

10 manufacturing an in-mold decorated article according to the 
first embodiment of the present invention. Fig. 12 is a 
perspective view showing a tensile tester for measuring a 
tensile strength of an in-mold decorating sheet. Fig. 13 
is a plan view showing a portion for fixing a test specimen 

15 in the tensile tester. Fig. 14 is a sectional view showing 
a portion for fixing a test specimen in the tensile tester. 
Fig. 15 is a view showing a pencil scratching tester for 
measuring pencil hardness of a substrate film (substrate 

/ a 

sheet) on ks one surface opposite to t#e surface on which 
20 the" substrate film is bonded to molding resin. Fig. 16 is 
a view showing integrating sphere type light transmittance 
measuring equipment to be used for determining a haze value 
of the substrate film (substrate sheet) . Fig. 50 is a side 
view of a portion for fixing a test specimen in the pencil 
25 scratching tester of Fig. 15. Fig. 51 is a plan view of a 
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portion for fixing a test specimen in the pencil scratching 
tester of Fig. 15. 

In the figures^ 1 denotes a substrate film 
(substrate sheet); la a low-crystalline polypropylene film; 
5 lb a low-crystalline or noncrystalline polypropylene film* 
lc a high-crystalline propylene film; 2 a pattern layer*, 3 
an in-mold decorating sheet; 4 a movable die of an 
injection mold/ 5 a stationary die of the injection mold to 
which the movable die 4 is clamped," 6 cavity- forming 

10 surfaces of the movable die 4 and the stationary die 5* 7 .a 
clamp member for positioning and clamping the in-mold 
decorating sheet 3 to the movable die 4,* 8 a gate portion 
of the stationary die 5,* 9 vacuum suction holes formed in 
the movable die 4 and serving for vacuum-sucking the in- 

15 mold decorating sheet 3, which has been positioned to the 
movable die 4 by the clamp member 7, along £tfe inner 
surface of the cavity of the movable die 4,* 10 molding 
resin,* 11 a cavity formed by the movable die 4 and the 
stationary die 5* 12 a resin-molded article,* 13 a test 

20 specimen; 14 screws," 15 an upper chuck," 16 a lower chuck* 
17 a movable member,* 18 a pencil J 19 a test specimen mount* 
20 a weight,* 21 a test specimen* 22 a standard white plate* 
23 a light trap,* 24 a light source,* 25 an integrating 
sphere,* and 26 a light receiver. 

25 The in-mold decorating sheet 3 (45 in Fig. 17) 
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according to the first embodiment of the present invention 
is an in-mold decorating sheet 3 which includes a substrate 
film (substrate sheet) 1 (31 in Fig. 17) and a pattern 
layer 2 (32 in Fig. 17), and which is used in a method for 
5 manufacturing an in-mold decorated article* ^he method 
comprising - : after working the in-mold decorating sheet 3 
into a three-dimensional configuration as shown in Fig. 9, 
removing portions thereof unnecessary for decoration 
through c\ trimming process; then setting the in-mold 

10 decorating sheet 3 into the movable die 4 for injection 
molding as shown in Fig. 10; A after clamping the mold, 
injecting the molding resin 10, cooling and setting the 
injected molding resin 10 as shown in Fig. 11, thereby 
integrally bonding entiroty or part of the in-mold 

15 decorating sheet 3 to a surface of the molding resin 10. 
The in-mold decorating sheet 3 (45 in Fig. 17) is made up 
so as to include at least a pattern layer 2 (32 in Fig. 17), 
a substrate film (substrate sheet) 1 (31 in Fig. 17) having 
the pattern layer 2 (32 in Fig. 17), and a backing sheet 

20 (33 in Fig. 17) . Further, the, in-mold decorating sheet 3 
has characteristic^ VH±ri^s^ffhown the following (1) - (3): 

(1) As shown in Figs. 12 to 14, when a tensile test is 
carried out with a 10 mm wide test specimen 13 of the in- 
mold decorating sheet (3, 45^ fixed between a pair of chucks 

25 15, 16 at a chuck-to-chuck distance of 5 mm, by applying a 
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load at a constant rate of 500 mm/min to one end of the 
test specimen 13 under an ambient temperature condition of 

\)Ul ^O^e° C/ teSt specimen 13 exhibits a tensile load at 

fog eaJfi of not less than 23 gf . 

(2) As shown in Figs. 12 to 14, when a tensile test, is 
carried out with a 10 mm wide test specimen 13 of the in- 
mold decorating sheet 3 fixed between a pair of chucks 15, 
16 at a chuck-to-chuck distance of 5 mm, by applying a load 
at a constant rate of 500 mm/min to one end of the test 
specimen 13 under an ambient temperature condition of 25°C, 

a 

a product of Young's modulus and a cube of tpfk thickness of 

the in-mold decorating sheet 3 measured at the tensile test 

A 

is not less than 1 kgfmm*. 

(3) The in-mold decorating sheet 3 changes in 
15 properties due to heat within a temperature range of 40 - 

200°C; and as shown in Figs. 25 to 27, when a tensile test 

is carried out with a 10 mm wide test specimen 50 of the 

in-mold decorating sheet 45 fixed between a pair of chucks 

^0 

52, 53 at a chuck-to-chuck distance of mm, by applying a 

\0O 

20 load of 20 gf at a constant rate of -£OQ mm/min to one end 
of the test specimen 50 under an ambient temperature 
condition within a range from the above temperature of 
property change to a temperature at which the in-mold 
decorating sheet 3 is thermally decomposed, .the test 

25 specimen 50 exhibits a tensile elongation at We^^of not 
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less than 130%. 

The present inventor has discussed conditions 
under which the in-mold decorating sheet does not break ift 
molding process with respect to the foregoing first issue . 
5 of the prior art. As a result, it is f o und uuL that the 
above characteristics (1) - (3) are necessary. 

As a feature for the in-mold decorating sheet not 
to break yd molding process, as has been described as 
characteristic (1), as shown in Figs. 12 to 14, it was 

10 found that when a tensile test is carried out with a 10 mm 
wide test specimen 13 of the in-mold decorating sheet 3 
fixed between a pair of chucks 15, 16 at a chuck-to-chuck 
distance of 5 mm, by applying a load at a constant rate of 
500 mm/min to one end of the test specimen 13 under an 

15 ambient temperature condition of 62 - 94°C, the test 



specimen 13 needs to exhibit a tensile load at N&s^ak of not 
less than 23 kgf. 

The reason why the in-mold decorating sheet 3 
breaks y6 molding process is' that when heat of the molding 
20 resin 10 is applied to the in-mold decorating sheet 3 so 
that the in-mold decorating sheet 3 is ' stretched along the 
flow of the molding resin 10, the in-mold decorating sheet \ lrr P 
3 does not have ^no^gh strength to wort hs tand a gain&t - thi s. 

The injection temperature of the molding resin 10, u 
25 in most cases, is 150 - 280°C. Therefore, first, in a case 
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where (I) ethylene-vinyl acetate resin moldable at 150°C is 
injection-molded at the temperature, an in-mold decorating 
process was carried out with various types of in-mold 
decorating sheets, and the in-mold decorating sheets 3 were 
5 classified into those which broke during the molding 
process and those which did not break. Also, in another 
case where (II) polycarbonate resin moldable at 280°C is 
injection-molded at the temperature, a similar in-mold 
decorating process was carried out, and the in-mold 

10 decorating sheets 3 were classified into those which broke 
during the molding process and those which did not break. 
It is noted that as a result of measuring the temperatures 
of surfaces of the in-mold decorating sheets during the 

molding process, the temperature was around 62 °C in the 

15 case of (I)^and around 94°C in the case of (Il)^due to 
transfer of heat of the injection molding resin. 

Therefore, the reason why the temperature range 
was set to 62 - 94 C is that because £K*e optimum injection 
temperature for most molding resins used for injection- 

20 molding is 150 - 280°C as described above, the in-mold 
decorating sheet is required to have such a strength as not 
to break even if the surface temperature of the in-mold 
decorating sheet is increased to 280°C due to transfer of 
heat of the resin to the in-mold decorating sheet. Further, 

25 some molding resins have optimum injection temperatures of 
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higher than 280°C, and using such a resin would cause the 



in-mold decorating sheet to deteriorate 4wwever jirfe 
material^ is improved. Also, other molding resins have an 
optimum injection temperature of lower than 150 °C, and 
using such a resin would cause the resulting in-mold 
decorated article to be insufficient in heat resistance 
performance. 

Next, for each of the classified in-mold 
decorating sheets, a tensile test was carried out with a 10 
mm wide • test specimen 13 of the in-mold decorating . sheet 
fixed between a pair of chucks 15, 16 at a chuck-to-chuck 
distance of 5 mm, by applying a load at a constant * rate of 
500 mm/min to one end of the test specimen 13 under an 
ambient temperature condition of 62 °C in compliance with 
15 the measurement method defined in JIS K7127-1989 (see Figs. 

12 to 14) . As a result, test specimens of all of in-mold 
decorating sheets that had the same characteristics as 
those of the characteristic (1) and that broke M^the in- 
mold decorating process exhibited tensile loads at bj£©aJ**of 
20 less than 20 gf. Also, as a result of a similar tensile 
test carried out under an ambient temperature condition of 
94°C (see Figs. 12 to 14), test specimens of all of in-mold 
decorating sheets that had the same characteristics as 
those of the characteristic (2) and that broke tfi th.e in- 
25 mold decorating process exhibited tensile loads at b*?eeJe of 
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less than 23 gf. Therefore, it is' ^and that the in-mold 
decorating sheet is required to have a strength of at least 
23 gf or more tensile load at broaliT in order to be 
prevented from breaking y& molding process. 

It is noted here that the terms "ambient 
temperature" refer to a temperature of a test specimen in 
which the test specimen has been heated to the .same 
temperature as that of the atmosphere of the test specimen. 

The test specimen 13 is obtained by cutting an 
in-mold decorating sheet into a width of - 10 mm and into 
such a size as can be provided for a tensile test using a 
pair of chucks 15, 16 at a chuck-to-chuck distance of 5 mm. 
The reason why the test specimen 13 is not large-sized is 
to prevent the test specimen 13 from softening and 
15 wrinkling all over under the above ambient temperatures 
before pulling the test specimen 13. Beside s, making the 
test specimen 13 into an excessively small size would cause 
measurement errors to increase. From these reasons, the 
test specimen 13 was made into as small a size as possible 
20 so that the measurement error is negligible, and then, the 
above size of the test specimen 13 was obtained. Referring 
to Figs. 12 to 14, the upper chuck 15 is fixed by a screw 
14 while pinching an upper end of the test specimen 13. 
Also, the lower chuck 16 is fixed by a screw 14 while 
25 pinching a lower end of the test specimen 13. As shown in 
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Figs- 12 to 14, while the upper chuck 15 is fixed to the 

tester, the lower chuck 16 is lowered at a rate of 500 

mm/min dewnwar^-by Xpk movable member 17^c^using a tensile 

force to act on the test specimen 13. 

Further, the rate of 500 mm/min^ at. which the 

test specimen 13 is pulled, has been selected as one that 

(X 

is the fastest within £Ke measurable range for general 
tensile testers due to the fact that the rate at which the 
m-mold decorating sheet is stretched ptT actual three- 
dimensional working and injection molding processes so 
fast that only a few types of equipment £g capable of 
measurement with repeatability. Alth ough oven this rate is 
slower than rates at which the in-mold decorating sheet is 
stretched during t>tfe working, ^elf measurement data actually 
do not change ^6 much even when the setting of the pulling 
r (f \ 1S chan< ? ed ' hence allowing enough simulation to be 
"don^st * 

Also, since molding dies other than the injection 

molding dies are used in the three-dimensional working 

process as -shown in tfte characteristic (2), there arises a 

f A 
need for a step of inserting the in-mold decorating sheet 3 

into the injection molding dies 4, 5. As a result, the in- 
mold decorating sheet 3 is required to have jf rigidity . 

This rigidity is proportional to Young's modulus 
of the in-mold decorating sheet 3 at an ambient temperature 



of 25°C and a cube of its thickness. For the in-mold 
decorating sheet 3 in this first embodiment of the present 
invention, the Young's modulus is defined by an initial 
modulus of elongation resulting when the above-described 
tensile test is performed with the width of the test 
specimen 13, the distance between the chucks 15, 16, and 
the rate as described above (that is, an initial modulus of 
elongation resulting when a tensile test is performed with 
a 10 mm wide test specimen 13 of the in-mold decorating 
sheet fixed between a pair of chucks 15, 16 at a chuck-to- 
chuck distance of 5 mm, by applying a load at a constant 
rate of 500 mm/min to one end of the test specimen 13 under 
an ambient temperature condition of 25°C by a measuring 
method complying with the measuring method of JIS K7127- 
1989 as shown in Figs. 12 to 14) . As a result of 
performing* detailed tests (see the following Table 1), it 
was four> d that unless the product of Young's modulus of the 
in-mold decorating sheet and the cube of its thickness is 
at least 1 kgfmm or- mor - c , it is impossible to punch the in- 
mold decorating sheet or to fulfill the mold inserting work. 
For more efficient work, it is necessary that the product 
of Young's modulus of the in-mold decorating sheet 3 and 
the cube of its thickness be 5 kgfmm or more. 



Table 1: 
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Substrate 
sheet 


Backing 
sheet 


Young 1 s 
modulus of 
in-mold 
decorating 
sheet 


Thickness 
of in-mold 
decorating 
sheet 


Product of 
Young f s 
modulus 
and cube 
of 

thickness 
of in-mold 
decorating 
sheet at 
an ambient 
tenperature 
of 25°C 


Insert- 
ability 


Acrylic, 
0.05 mm 


Polypropylene 
0.18 nm 


RO Vrrrf Arm 2 


0 9"} rrm 

V/ . £m*J 11 III 


0.97 kgfirm 




Acrylic, 
0.05 irm 


Polypropylene 
0.19 nm 


oU Kgt/irnr 


u . £h nm 


X • XX KgiillU 


A 


Acrylic, 
0.05 nm 


Polypropylene 
0.30 nm 


. 80 kgf/nm 2 


0.35 nm 


3 . 43 kgfirm 


A 


ActvI ic. 
0.05 nm 


Polypropylene 
0.35 nm 


80 kgf/nm 2 


0.40 nm 


5.12 kgfirm 


O - ® 


0.05 nm 


Polypropylene 
0.45 nm 


80 kgf/nm 2 


0.50 nm 


10.0 kgfrrm 


® 


Arrvl ic . 
0.07 nm 


ABS 0.12 nm 


140 kgf/nm 2 


0.19 nm 


0.96 kgfirm 


X 


Acrylic, 
0.07 nm 


ABS 0.13 nm 


140 kgf/nm 2 


0.20 nm 


1.12 kgfirm- 


A 


Acrylic, 
0.07 irm 


ABS 0.28 nm 


140 kgf/nm 2 


0.35 nm 


3.78 kgfirm' 


A 


Acrylic, 
0.07 ran 


ABS 0.33 nm 


140 kgf/nm 2 


0.40 nm 


8-96 kgfirm 


® 


Acrylic, 
0.07 nm 


Pol yea rbona te 
0.1 nm 


180 kgf/nm 2 


0.17 nm 


0.88 kgfirm 


X 


Polycarbonate , 
0.07 nm 


Polycarbonate 
0.1 nm 


210 kgf/nm 2 


0.17 nm 


1.03 kgfirm 


A 


Acrylic, 
0.07 nm 


Polycarbonate 
0.11 nm 


180 kgf/nm 2 


0.18 nm 


1.05 kgfirm 


A 


Polycarbonate , 
0.07 nm 


Polycarbonate 
0.09 nm 


210 kgf/nm 2 


0.16 nm 


0.86 kgfirm 


X 



It was. also found that, as shown in £k£ 
characteristic (3), when a tensile test is performed 



according to the measuring method of JIS K7127-1989, the 
5 temperature at which the in-mold decorating sheet is 
changed in properties due to heat is within a range of 40 - 
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200 °C, and that when as shown in Figs . 25-27, a tensile 

test is carried out with a 10 mm wide test specimen 50 of 

the in-mold decorating sheet fixed between a pair of chucks 

52, 53 at a chuck-to-chuck distance of 2> mm, by applying a 

load of 20 gf at a constant rate of ^GO- mm/mi n to one end 

of the test specimen 50 under an ambient temperature 

condition within a range from the above temperature of 

property change to a temperature at which the in-mold 

decorating sheet is thermally decomposed, the test specimen 

50 is required to exhibit a tensile elongation at Mrcalc of 

not less than 130%. In Figs. 25 to 27, the upper chuck 52 

is fixed by a screw 51 while pinching an upper end of the 

test specimen 50. Also, the lower chuck 53 is fixed by a 

screw 51 while pinching a lower end of the test specimen 50. 

As shown in Figs. 25 to 27, while the upper chuck is 

fixed to the tester, the lower chuck 53 is lowered at a 
(00 

rate of mm/min duwnwaaed by a movable member 54, causing 

a tensile force to act on the test specimen 50. 

The temperature at which properties change due to 
heat herein refers to a temperature at which Young's 
modulus at the temperature becomes^ 80% or lowe r of Young's 
modulus that is exhibited under an ambient temperature of 
25°C (see Fig. 49) . It is noted that Q r is the gradient at 
the ambient temperature of 25°C.and 0 2 is the gradient at 
the temperature at which property change due t o heat of the 
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ambient temperature, where (80% angle of 6j > 9 2 . 

In order to allow an easy three-dimensional 
working of the in-mold decorating sheet, it is necessary 
that the in-mold decorating sheet be softened at a certain 
5 temperature — h- i g he ^, and that when loaded under a 
temperature higher than the certain temperature, the in- 
mold decorating sheet stretch without breaking.. Therefore, 
the temperature range of property change due to heat is 
defined as 40 - 200°C. 

10 The reason of this is that (I) with a material 

falling within a temperature range below 40°C / the in-mold 
decorating sheet is less resistant to heat so that the in- 
mold decorating sheet may peel from the decorated article 
due to temperature rises m tn e summer; and that (II) with 

15 a material that is not thermally deformed even at 200°C, 

the in-mold decorating sheet fe- akea too much time to^process^O 
for three-dimensional working. 

A further optimal temperature range for property 
change due to heat varies depending on the purpose of use. 

20 For example, for household electrical appliances such as 
refrigerators and air conditioners, because of their large 
product size and importance of three-dimensional 
workability, materials showing property change at 
temperatures of 40 - 160°C are preferably chosen. For 

25 applications to interior automotive trims, in which high 
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heat resistance and deep three-dimensional workability are 

required, materials showing property change at temperatures 

of 60 - 150°C are preferably chosen. 

The whol-e thickness of the in-mold decorating 

sheet (3, 45) is, preferably, within a range of 50 - 2000 pm. 
cx 

With the wliule thickness over 2000 pm, the in-mold decorating 

sheet is inferior in moldability, so that the in-mold 

f*|vivr*S A 
decorating sheet t akes too much time to work into a three- 

a A 

dimensional configuration. With the whole thickness below 50 

uoo<\WmCj erf 

Mm, there occurS such molding failures • as wrinkloo to the in- 
mold decorating sheet during JArg' molding integration. Also, 
with a working sequence which includes: three-dimensionally 
working the in-mold decorating sheet* thereafter removing 
portions of the in-mold decorating sheet unnecessary for 
decorating by trimming* and then setting the resultant in- 
mold decorating sheet into an injection mold, -most ^Tin-mold 
decorating sheets «teh having a whole thickness of less than 
250 jim would not satisfy the condition ohown in ttfe 

characteristic (2) . 

A 

More preferably, the thickness is within a range 
of 250 - 700 urn. This is because thickness beyond 700 \m 
would make it difficult to put the in-mold decorating sheet 
into a rolled state, and make it impossible to continuously 
feed and process the in-mold decorating sheet. 

As the above description is based on the 
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assumption that three-dimensional working is carried out 

within the movable die of the injection mold, there is a 

sequence, in the manufacturing process, which includes: 

setting of the in-mold decorating sheet into the injection 

mold and processing^for three-dimensional working; and after 

molding and integration, trimming the in-mold decorating 

sheet. In this case, because there is no step for inserting 

the trimmed in-mold decorating sheet into the mold, it is not 

necessarily required * for the sheet to have tXe rigidity, 

whe^ee the condition^ (2) becomes unnecessary. 

As method for lamination of individual sheets 

cx 

for the in-mold decorating sheet, ^heat lamination method, dry 

lamination method, and the like are available. 

As required, an adhesion layer may preparatorily 

be formed on one surface of the backing sheet to be 

integrally bonded to the molding resin. Without the adhesion 

layer, the backing sheet layer basically serves as an 

adhesion layer, but the presence of an adhesion layer allows 

a firmer bonding to the molding resin to be attained. When 

the. adhesion layer is formed, polyvinyl chloride - vinyl 

acetate copolymer resins, acrylic resins, urethane resins, 

or the like may appropriately be used. 

a 

Next, t}*e method for manufacturing a resin molded 
article decorated with an in-mold decorating sheet is 
described. 
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First, ij\e in-mold decorating sheet 3 is set by 

£Ke clamp member 7 to t#e surface of tj*fe movable die 4, 
?<xx\ erf 

which is an injection mold. 

A concrete example of the way^e-f — oetting to the 
movable die 4 is as follows. A longer in-mold decorating 
sheet 3 is once wound up on a roll shaft so as to be formed 
into, a roll^state, and the resulting roll is placed at an 
upper portion of the movable die 4 fui injection mulUittg so 
as to be movable integrally with the movable die 4. Then 
the in-mold decorating sheet 3, whiie be ing^ wound ^rtT from 
the roll, is passed through between the ro - tractcd movable 
die 4^ and the stationary die 5 so as to be wound ^ff by a 
roll shaft of a film winding iaoanfr which is set at a lower 
portion of the injection n r oldiHg movable die 4 so as to be 
15 movable integrally with the movable die 4. As another 
example, a leaf-like in-mold decorating sheet 3 may be set 
to the surface of the movable die 4 by^robot or human hand 
(see Fig. 1) . For the setting of the in-mold decorating 
sheet 3 onto the surface of the movable die 4, after the 
20 in-mold decorating sheet 3 is placed on the surface of the 
movable die 4, the position of the in-mold decorating sheet 
3 relative to the surface of the movable die 4 is 
determined by a positioning sensor or the like, and the in- 
mold decorating sheet 3 may be pressed by the clamp member 
25 7 to the surface of the j yr i ■ I H-mr-rnrrtrK ng movable die 4. 



Subsequently, the in-mold decorating sheet 3 is 
set to the surface of the injection iuolxlluy movable die 4, 
and thereafter, with the use of tp*£" vacuum suction holes 9 
formed in the in j cctiuu-iuoidluy movable ■ die 4, the in-mold 
decorating sheet 3 is vacuum- sucked along a recessed 
portion of the movable die 4 having the cavity- forming 
surface 6, by which the in-mold decorating sheet 3 is 
worked into a three-dimensional configuration along the 
recessed portion of the in j oct - ion - mol - diit g movable die 4 
(see Fig. 2). A concrete example ■ .is a method which 
includes steps of I heating^ and thereby softening^ the in-mold 
decorating sheet 3 set to the surface of the movable die 4 
by^a heating plate or the like inserted between the movable 
die 4 and the stationary die 57 closing the space between 
the recessed portion of the in j f>ct ion-mol-dj^g movable die 4 
and the in-mold decorating sheet 3* and performing 
evacuation and vacuum suction through the vacuum suction 
holes 9 so that the in-mold decorating sheet 3 is put into 
close contact with the recessed portion of the .Inj oction.- 
-»e±cfcnrrg movable die 4. ifi the process of working into a 
three-dimensional configuration, or >rf the process of 
pressing and clamping of the in-mold decorating sheet 3 by 
the clamp member 7, tja^ trimming pjpafee^s of the unnecessary 
portions of the in-mold decorating sheet 3 may be done . 

Instead of this method, before the in-mold 
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decorating sheet 3 is set to the surface of the iiijccLiuii 

moldin g movable die 4, the in-mold decorating sheet 3 may 

preparatorily be worked into a desired configuration yith a 

mold for three-dimensional working and molding other than 

5 the J ecLiuiiwauldrng movable die 4 and stationary die 5, 

and also trimmed into a desired configuration (see Fig. 9), 

and then the three-dimensionally worked in-mold decorating 

sheet 3 is fitted into the recessed portion of the 

■iii^cfeieii'-iLWiaincr movable die (see Fig. 10) . It is noted 

10 here that the three-dimensional working refers to 

transforming the in-mold decorating sheet 3 from a planar 

state into a three-dimensional configuration. An example 
(X 

of £Ke desired configuration is a configuration coincident 
with the cavity-forming surface 6 of the injecti o n ■ muldlny 



- c possible r^WooT S 

15 movable die 4 or stationary die 5 As * the n w^hocL for 

three-dimensional working there are^vacuum molding method, 

air-pressure forming method, ^ pressing method in which 

heated rubber is pressed, press molding method, and the 

like. As fche meth od for trimming into a desired 

<\ ^ ct 

20 configuration, there are^Thomson punching method, ^pressing 

method with dies, and the like. Examples of t>£ punching 

configuration^are a line extending along the perimeter of a 

specified configuration, a hole of a specified 

configuration, and the like. In addition/^trimming process 

25 may be deae concurrently with the process of workinq into a 

A 
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three-dimensional configuration . 

Next, with the movable die 4 clamped to the 
stationary die 5, the molding resin 10 in^molten state is 
injected from the gate portion 8 of the stationary die into 
5 t)x^ cavity 11 (see Figs. 3 and 11), and the molding resin 

a 

10 is solidified so that tp& resin molded article 12- is 
molded within the cavity 11 while the in-mold decorating 

a 

sheet 3 is bonded integrally to tHe surface of the resin 

^ , 

molded article 12 (con currently . 

10 Thereafter, the resin molded article 12 is t a- J e cn 

-©t±t from the movable die 4, and then unnecessary portions 
of the in-mold decorating sheet 3 bonded to the resin 
molded article 12 are removed (see Fig. 4) . In the case 
where the in-mold decorating sheet 3 has preparatorily been 

15 trimmed into a desired configuration as described above, 
the step of removing the unnecessary portions of the in- 
mold decorating sheet 3 is unnecessary. 

The movable die 4 and the stationary die 5 ; as the 
injection mold j are not particularly limited to the above 

20 embodiment. It is appropriate to use a mold which is made 
up of a movable die 4 and a stationary die 5 having a gate 
portion 8 for injecting the molding resin 10, where when 
the stationary die 5 and the movable die 4 are closed, a 
singularity or plurality of cavities 11 surrounded by the 

25 cavity-forming surfaces 6 of the stationary die 5 and the 



movable die 4 are formed. The in-mold decorating sheet 3 
set within the cavities 11 formed by the movable die 4 and 
the stationary die 5 -#e* — injecLiuu — moidi^g covers the 
cavity- forming surfaces 6. The recessed portion having a 
cavity- forming surface 6 may be formed in either the 
stationary die 5 or the movable die 4. A clamp member 7 
for pressing and fixing the in-mold decorating sheet 3 
around the recessed portion of the movable die 4 or the 
stationary die 5 may be provided. 
{Second Embodiment) 

Next, a second embodiment of the present 
invention is described. This second embodiment is intended 
to solve a second issue, i.e., prevention of damage. 

As the second issue, there has been an issue that 

£h£ outermost surface of the in-mold decorating sheet in 

the in-mold decorated article, i.e., y*e substrate sheet 

surface, may be easily damaged. It has been found that, 

for example, with polybutadiene resin or the like used as 

the material of the substrate sheet of the in-mold 

decorating sheet, although an in-mold decorated article is 

obtained >rt manufacturing process, there is a high 

possibility that this article, when used as a component for 

assembly and working, would result in a defective product 

in terms of the substrate sheet surface due to claw marks 
CO* 

caused by t^e assembling worker. 



With respect to the second issue, the present 
inventor discussed what level of surface hardness is 
required in order to prevent high rates of defective 
products due to t^e assembling worker's claw traces being 
impressed on the substrate sheet surface. 

As a result, it was found out that the in-mold 

decorating sheet should have a pencil hardness value of 3B 

- 2H as measured from a surface of the in-mold decorating 

sheet opposite to its surface to be bonded to the molding 

resin. That is, substrate sheets fchrfe surface hardness 

■ whioh does not reach t*fe pencil hardness values of 3B, more 

specifically, in-mold decorating sheets made of 

polybutadiene film, were unusable. 

Conversely, substrate sheets p*g surface hardness 
<\ 

of which is beyond t*fe pencil hardness value of 2H, more 
specifically, in-mold decorating sheets made of UV-curing 
type urethane film, were evaluated. As a result, these in- 
mold decorating sheets, although processible for three- 
dimensional working and in-mold processing, were unusable, 
m terms of design, due to occurrence of numbering;! 
microcracks on the surface. 

However, in the case where after the three- \ 
dimensional working and the in-mold processing are done, 
substrate sheets are coated with^ high-hardness UV-curing 
type urethane resin, there occurs no problem. In this case, 
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substrate sheets are evaluated before their surfaces are 
coated. 

JtfTe surface hardness measuring method is a method 

for determining tjp^ surface hardness from t>^ presence or 

absence of^.scratch by scratching - with a pencil pAe surface 

of a test specimen 27, which has been cut to a 150 mm x 70 
prevcv\ or <x 

mm size, with a^coating-dedicated pencil scratching tester 
(see Figs. 15, 50, 51) complying with JIS K 5401-1969, 

a 

where £J*fe pencil hardness value is a pencil hardness 
obtained when the times the surface ft is^ scratched is less 
than two times out of five times of tests. Jke Scratching 
is dofie by pressing a pencil 18 against the test specimen 
27 -warteb a weight 20 at 45 ± 1 degrees, and in this state, 
moving p<e test specimen mount 19. In Figs. 50 and 51, 
15 reference numeral 19a denotes studs for fitting the test 
specimen 27 to the test specimen mount 19, and 19b denotes 
a test specimen stopper bar. 

As a result, in-mold decorating sheets showing 
pencil hardness values of 3B or higher were almost 4ie- 
20 damaged even by human's assembling work with >tfe claws 
aptrte*. 

As a result of the test, it was found that in- 
mold decorating sheets having the above characteristic can 
be obtained by selecting, as the substrate sheet, undrawn 
25 or lightly-drawn polyethylene terephthalate film, 
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noncrystalline or low-crystalline polyester copolymer film, 

acrylic film, polycarbonate film, polypropylene film, 

polybutylene terephthalate film, polystyrene film, 

polyurethane film, acrylonitrile butadiene-styrene 

copolymer film, nylon film, polyvinyl chloride film, 

fluoric film, cellulose acetate film, or the like. 

Among others, acrylic film proved to be 

exceedingly superior in transparency and weatherability in 

cjtv^ ptt>w/ be 
addition to the above characteristic, A hence a film having 

high added value as a substrate sheet in terms of t)x£ 
clarity improvement of t^e pattern design as well as tye 
protective function of pattern layer- 

Further, for films that can be controlled in the 
degree of crystallinity^ such as polyethylene terephthalate 
film and polypropylene film, it is advisable to adjust the 
degree of crystallinity so that the hardness becomes 3B or 
higher. 

However, even if the hardness falls within the 
above range, market complaints may occur in cases where the 

in-mold decorated article according to the second 

is 

embodiment of the present invention is mounted in 
applications involving repeated hand contact by consumers. 

As a countermeasure therefor, preferably, 
materials having a pencil hardness value of B - 2H are 
selected for interior automotive trims, and materials 



having a pencil hardness value of HB - 2H are ; . selected for 
electrical appliances. . . -•■»•. • , i , 

(Third Embodiment)- - f . • , ; r < i - 

Next, a third embodiment iL of the present invention 
is described. This third embodiment is intended ; to • solve a 
third: issue, . i.e., prevention of / ;visibiiityi -of .trimmed 
cross-section lines. ■: , ' . '*• V .\Y\ ! YY/\-;/ [ !" . 

As /the third issue; \ it//Sari/ •occur^tliat- /cut end 
faces due to trimming of t the ( in-mold decof at ing .sheet • to . be 
integrated with the molding resin / are- not. r Juried in the/ 

molding resin - but t exposed;./', resulting Hiri; ■ an \in-mold 

' • • ' * : ' ' . v-/ 1 /'/ . ' .■ ; .\ • /A:*:U!'i'M : ■ • . . 

decorating sheet poor in design. /That is/; -there "has been 

■ , • . • I- . * " ," .! <■■ 

an issue, that if a cut end face of the in-mold" decorating- 

: a ' -." - ' N . - " '/ ! ■ 

sheet is exposed on • tpfe surf ace of the in-mold/ decorated 
article, ! boundary, lines/ between ;thej in-mold^ decorating 
sheet and its , peripheral / molding , resin . / surface become 
noticeable, resulting in an, in-mold . decorating : sheet which 
is so poor in design as to make 'i|t apparent tilat the 1 in- 
mold decorating sheet is in-mbld-decorated. '; : . 

With respect to this third issue, *the in-mold 

decorating sheet according to« the third embodiment of the 

i . ' . ' .iV:.. S f: <X , ..t.i.;'. < ■ / ■. . 

present invention is so . constituted that : fb\e 1 thickness of 

■ ' ' "■ ■ '. ':. a ' ■ •'. 

the in-mold decorating sheet excluding ffte thickness . of the 

..." | . I 

backing sheet is not more/ than 200 and that y^. color of 

the backing sheet is dark cp*or^f ail | within the 



following ranges in the CIE1976 (L*a*b*) color system: 

' -40 £ a* £ 40 : '_ _ ; / ■." M : j ..f ■ 

• -60 £ b* £ 30 : ... . . • • ' ; 



•» ' * ; 



More specifically, in the -third .embodiment, ] as shown in 
Figs. 28 and 29, the thickness of- tbfe : in-moid • decorating 
sheet 61 excluding the thickness of^a 5 . backingpsheet . 66 is 
,not more . than 200 fim, and the color of! the ^backing sheet 66 
is a dark color , falling within the/ following ranges in the 
: CIE1976L*a*b* color system: ; v v v.\.. ; :- ... . 

. 9 £L* ^ 75 ; ? ' ' : . - ,, v!v : i 

-40 £ a* 40 : - , v . ! . • •.. 

-60 £ b* ;£ 30 ; ■" 

The reason why . the color : of the backing sheet 66 



is limited like this is as follows. 

-^&n tfer& trimming process using a 



die ipress having 



a sharp. blade 70, the in-mold decorating sheet > 61 is not cut 
fully perpendicularly to £^e surface thereof,' and a cut end 
face 67 of the in-mold decorating sheet 61- is. angled^to 
f ront-and-rear surfaces of the iri-mold decorating sheet 61 
(see Fig.* 32) ., Also. t in the case wherey.tr immingl process by 
laser cutting is performed, if the ' in-inold decorating sheet 

61 has been three-dimensionally -worked into , a drawing 

' ^ . . 1 . " " :/ \ ■ " 
configuration by preforming ■ process before the trimming, 

A ' . . . ; • ; - 
then a laser beam 71 is irradiated " in a constant direction 



so that .the- cut end face 67 is. angled^ to t^ front-and-rear 

surfaces of the in-mold decorating sheet 61 • (see Fig. 33) . 

In the case where molding resin is injected into a mold 72 

Jja_Ul£--s4raltr that a space p£ formed between' £he inner wall 

of the mold. 72 } along which , .the, in-moid decorating sheet 61 

is set. and the cut. end face! 67 of the in-mold decoratina 

sheet 61 angled A to this inner wall ; (see.; Fig'. !. 35.)., it may 

occur that the cut end facie 67 of the in-mold decorating 

sheet 61 is pressed against- the inner wall of, the mold 72 

• .. • ; >■ . '■ I 

by pressure 73 of the molding resin (see Fig., :36) , or that* 

' : ' ■ ■■ • l ' ■ 

molding resin 69 does not enter into'; the space (see Fig. 

37) . ' - \ ' .;■ ■■■ .;/\ .j , -.■ ; " ' 

Generally, the molding resin 69 to : j-be used for 
interior automotive trims, in man^ cases, black or 

other similar colors. As . a result, most : of light. \ is 
absorbed at pfe surf ace ' where the molding ; resin 69 is 
exposed, resulting in less reflection. In ! contrast to this', 
the in-mold decorating sheet" 61 has the ; cut lend face 67 
formed rough by^cutting process, causing the liight to be 
scattered, with the result ' that the"; in-moid ? decorating sheet 
61 is poor in visual transparency! as '* its.- rearf ! is viewed 
from the cut end face 67. Also, a cut end face 67 of. a 
second pattern layer 68, which is similar, in color to the 
cut end face 67 of a pattern layer. • 63 or the gr bund of the 
pattern layer 63, is brighter than the molding resin. As a 



result, in comparison with the surface; where, the molding 
resin is exposed, reflected light (or color) ■ of the ^h olo . 
cut end face of the in-mold decorating sheet; 61 alone is 
conspicuous. • 1 : -\ ' ! - 

Therefore, . in order . that the reflected light (or 
color) of - the whc ri e cut end face 67 of . the in-mold 
decorating sheet 61 becomes inconspicuous,, the backing sheet 
layer 66 of the in-mold decorating sheet,. 1 . 61 is /provided in 
black br some other similar color/ and moreover ^^Ke layers 
other than the backing sheet 66 (i^e^, !layers '^including a 
transparent resin film 62 serving as a substrate, film, and 
£Ke pattern layer 63 having a grain duct layer 64 and a 
ground layer 65 in Fig. 28;. "layers includihg ^ a ^transparent 
resin film 62 serving as a substrate 'film;; pattern 
layer 63 having a grain conductor layer- 64'; and a ground 
layer 65, and a second pattern layer; 68 in Fig., 29) are 
formed so as to have a thickness of less than 200 urn, by 
which reflection at the whote cut end face 67 of the' in- 
mold decorating sheet 61 is reduced.- | * t 

With the use of the in-mold decorating: sheet 61 
having the above constitution, an insert-molded decorated 
article can be obtained by. the following method. 

First, an in-mold decorating . sheet 61 is fixed to 
a preforming die. having a recessed portion for deep drawing, 
by moan s of a clamp or the like, and , then ; the in-mold 



decorating sheet 61 is heated and softened by ;a : heat source 
and further put into close, contact with the surface of the 
preforming die .by vacuum suction effected from the 
preforming die side. Next,/ with the vacuum suction 
released, the in-mold decorating sheet, 61- is feakcn ou t from 
the preforming die. Next, unnecessary portions of the in- 
mold decorating sheet are ( : trimmed, • by which a. desired 
three-dimensionally worked in-mold decorating : sheet 61 is 
obtained. Next, the three-dimensionally; worked in-mold 
decorating sheet 61 is inserted into a cavity ; die having a 



recessed portion for deep drawing and fixed in the cavity 
die. Next, 1 the cavity • die and core ; die of ^£ke. 

injection mold 72 are clamped together, i . thereby forming a 
closed space between the , in-mold decorating sheet 61 and the - 
core die. Molten molding resin . 69 is : injected into this 
space (see Figs. ,30 and 31), and after allowing the resin 
to be cooled, the cavity die and the core die are opened, 
by which a decorated insert-molded article in which the in- 
mold decorating sheet 61 and the molding resin j 69 have been 
integrated together can be obtained. "This decorated 
insert-molded article has a blackish end ! face of Jtfie 
reinforcement sheet, i.e. the backing sheet, 66, 1 after the 
trimming of the in-mold decorating ! sheet 61/ . and the total 
thickness of the other laminations. :is ■ not more -than 200 jam. 
Thus, lines of the cut end face 67 of the in-mold' decorating 



f 



/ 



10 



48 , . ! • 

sheet 61, even if exposed; are inconspicuous, and the 

decorated insert-molded article is preferable = in terms of 
design. 

In-mold decorating sheets ^ in which the color of 

the backing sheet 66 is out of the aforementioned range and 

■■■■■■ ' / ; . ■ ■ ■ 
in which the thickness of the, .layers other .than [the backing 

sheet 66 is not less than 200. jjm. were, tested with the 

thickness and color of the . backing, sheet j 66 - changed in 

various ways. Test results show that reflected,, light (or 

color) of the whole cut end face of the in-mold decorating 

sheet is conspicuous as . shown : in the following Table 2: 



Table 2: 



Color of backing sheet 


Thickness 
•of in-mold 
decorating 
sheet 

(Mm) 


Thickness, 
of backing 
sheet ' 1 
(Mm) 


.Effect on 
prevention of 
visibility of 
trimming cross- 
section lines 


L* 


a * 


b* 


40 


0 


-15 


250 


50 


; O - A 


9 


-40 


-60 


250 


50 


■ . ■! ! A 


75 


40 


30 


250 


50 


A 


40 


0 


-15 


250 


70 


■■■ ;, © 


9 


-40 


-60 


250 - 


70 • 


■ ■! A 


75 


40 


30 


250, i 


. .' 70 , .■ 


• ' "! A 


8 


0 


-15 


250:. 


. 70 - 


. : • x 


76 


0 , 


-15 


250 


. 70 


X 


40 


-41 


-15 


250 


. • 70 ; 


« ' ■ ■ ! : X 


40 


41 


-15 


250 . 


. 70 


: - ; X 


40 


0 


-61 


250 


70 


! ' X 


40 


0 


31 


250 


70 


■ , ! • X 


40 


0 


-15 


700 , 


500 


.! O 


9 


-40 


-60 


700 


500 


A 


75 , 


40 


30 


700 


500 


•. . . A 


40 


0 


-15 


700 


550 > 


© 


9 


-40 


-60 


700 


• 550 


O - A 



75 


40 


30 


700 


550 


' O - A 


8 


0 


-15 


700 


. 550 


i x - A 


76 


0 


-15 


. 700 


. . 550 


! • x - A 


40 


-41 


-15 


700 


550 , 


x - A 


40 


. 41 


-15 


700 


550 


: x - A 


40 


0 


-61 


700 


550 


x - A 


40 


0 


31 


700 


• 550 


• . x - A 


40 


0 


-15 


2000 


1800 


® 


9 


-40 


-60 


2000 


... 1800 


A 


75 


40 


30 


, 2000, 


1800 


A 


40 


0 


■ -15 


2000 


:1850 . 


@ 


9 


-40 


-60 


2000 


1850 • 


o 


75 


40 


30 


2000 


1850 


o 


8 


0 


-15 


. 2000 


1850 


; x - A 


76 


0 


-15 


2000 


1850 


: x - A 


40 


-41 


-15 


- 2000 


1850 


■ , : ' ; : x - A . 


. 40 


41 


. -15 


2000 


1850 , 


x - A 


40 


0 


-61 


2000 


! 1850 


: : x - A 


40 


0 


31 


2000 


1850 


. : x - A 



(2) <Ftar Material of the ; backing ' sheet ; 66 should 
be one which, when formed into the i in-mold decorating sheet 
61, satisfies conditions that' the in-mold decorating sheet 

••■x ' ■ ; awVv J i !-: ; ' ' 

61 has the characteristics ' ; (1) - (3), that' \t}xa pencil* 
hardness value as measured from * one. surface"/ of ^ the in-mold 
decorating sheet 61 opposite to the surf ace ; to be bonded to 
the molding resin is 3B - 2H, and that the substrate sheet 

62 is selected from among undrawn or . iightly-drawn 
polyethylene terephthalate film, noncrystalline or low- 
crystalline polyester copolymer -film,* acrylic film, 
polycarbonate film, polypropylene film, polybutylene 
terephthalate film, polystyrene . film, polyurethane film, 
acrylonitrile butadiene-styrene copolymer film, nylon film, 
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polyvinyl chloride film, fluoric film, or cellulose acetate 
film. 

Such Aaterial for the backing sheet 66 is 
exemplified by undrawn or lightly-drawn polyethylene 
terephthalate film, noncrystalline or low-crystalline 
polyester copolymer film, polypropylene film, polyethylene 
film, polystyrene film, fluoric film, polybutylene 
terephthalate film, methacryl-styrene copolymer film, 
acrylonitrile butadiene-styrene copolymer film, 

polycarbonate film, polyurethane film, nylon film, 
polyvinyl chloride film, nitrocellulose . film, or the like. 

However, in the case where the substrate sheet 62 
is made of an easily vaporizable, foamable material, there 
may arise an issue that the in-mold decorating sheet 61 has 
an orange-peel surface even . if the backing sheet 66 is made 
of^the above material* This issue and i^s — solving moaiic 
are described below. 
(Fourth Embodiment) 

Next, a fourth embodiment of the present 
invention is described. This fourth embodiment is intended 
to solve a fourth issue, i.e., prevention of occurrence of 
an orange-peel state. 

As the fourth issue, there has been a tendency 
that jjrf j&tfe process of forming a desired configuration by 
vacuum molding, moisture content in tfr£ sheet material 
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vaporizes and foams due to heat during the vacuum molding 
so that t)fe surface of t^fe in-mold decorating sheet ' ep^a w 
an orange peel state, resulting in impaired design and 
hence a defective article. 

In such a case, vaporizable/f oamable components 
contained in t#^ backing sheet material are often the cause 
of acceleration toward tj&& generation of tpe orange-peel 
surface. Therefore, it is preferable to select a material 
having a lower content of such components (anti- 
vaporization/foaming material) . 

That is, with respect to the fourth issue, the 

in-mold decorating sheet according to the fourth embodiment 

of the present invention is so constituted that the backing 

sheet is made of a material which prevents vaporization and 

foaming. More specifically, as shown in Figs. 40 and 41, 

ptie backing sheet 104 is made of a material which prevents 

vaporization and foaming.. It is noted that reference 

numeral 101 denotes a substrate sheet, 102 denotes a 

pattern layer, and 103 denotes an ABS film for reinforcing 

tjar^adhesion to molding resin. 
' A 

More specifically, because the 

vaporizable/f oamable component is often moisture, the 
backing sheet 104 is preferably made of a material having 
as low a coefficient of water absorption as possible 
(specifically, at least 0.5% or lower, preferably 0.2% or 
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lower) . 

Such a material is exemplified by undrawn or 
lightly-drawn polyethylene terephthalate film, 

noncrystalline or low-crystalline polyester copolymer film, 
polypropylene film whose coefficient of water absorption is 
0.03% or lower which io 0,15ft or lo wer, polyethylene .film 
whose • coefficient of water absorption is 0.01% or lower, 
polystyrene film whose coefficient of water absorption is 
0.07% or lower, fluoric film whose coefficient of water 
absorption is 0.03% or lower, polybutylene terephthalate 
film whose coefficient of water absorption is 0.8% or lower, 
methacryl-styrene copolymer film whose coefficient of water 
absorption is 1.5% or lower, fire retardant acrylonitrile 
butadiene-styrene copolymer film whose coefficient of water 
absorption is 0.9% or lower, polycarbonate film whose 
coefficient of water absorption is 0.5% or lower, 
polyurethane film whose coefficient of water absorption is 
1% or lower, polyvinyl chloride film whose coefficient of 
water absorption is 0.1%^ or lower, or the like. 
(Fifth Embodiment) 

Next, a fifth embodiment of the present invention 
is described. This fifth embodiment is intended to solve a 
fifth issue, i.e., prevention of warf?^ 

As the fifth issue, there has been an issue that 
if t)^material of t$e substrate sheet and t}*£ material of 



5 

t/e backing sheet largely differ^ iir shrinkage factor - fium - 

each oth er (for example, concretely, in the case where the 

substrate sheet is an acrylic film (with a shrinkage factor 

of around 5/1000) and the backing sheet is an ordinary 

polypropylene film (with a shrinkage factor of around : 

Ujo^fccA^ erf* 

15/1000)-), then there occurs ^ v warp fee the in-mold 

CX 

decorating sheet after t*fe three-dimensional working 
process due to the difference shrinkage factor^ making 

it difficult to fulfill trimming and injection molding 
decoration processes.. 

With respect to this fifth issue, the in-mold 
decorating sheet of the fifth embodiment of the present 
invention is so constituted that the difference in 
shrinkage factors between the substrate film and the backing 
sheet is 0/1000 - 8/1000, or that the backing sheet is a 
lamination of a plurality of sheets while the difference in 
shrinkage factors between, the. substrate,, sheet and the 
^e^feiaa^t backin g sheet^from the substrate sheet is 0/1000 - 
8/1000. 

That is, the in-mold decorating sheet is so 
constituted that either the substrate sheet or the backing 
sheet of the in-mold decorating sheet is modified so that 
the difference in shrinkage factors between the substrate 
sheet and the backing sheet is oVlOOO - 8/1000. ft 

In most cases, it is easier to accomplish tti©. 
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^modificuliuii by applying an additive material to the sheet 
having the larger shrinkage factor. As a concrete example, 
as shown in Fig. 38, in the case of an in-mold decorating 
sheet in which the substrate sheet is an acrylic film 81 
and the backing sheet is a polypropylene film 83, it is 
recommendable to modify the polypropylene film, which 
the larger yfC molding shrinkage factor. It- is noted that 
reference numeral 82 denotes a pattern layer. 

That is, .as shown in Fig. 38, olefin rubber 84 
and a filler material 85 are contained in the polypropylene 
film 83 so that molding shrinkage is suppressed. As Jjffe 
mechanism therefor, it could be considered that the rubber 
84 and the filler material 85, when contained, cause 
polymer chains of the polypropylene resin deprived of th€ 
degree of freedom, lessening p*g space that allows 
shrinkage in the polypropylene resin. 

More specifically, the olefin rubber is 
exemplified by EPM (ethylene propylene rubber) , EPDM 
(ethylene-propylene-diene terpolymer) , TPE (thermoplastic 
elastomer), and EVA (ethylene-vinyl acetate). The filler 
material is exemplified by talc and calcium carbonate as 
well as by titanium oxide,, aluminum hydroxide, ferrite, 
carbon fiber, glass fiber, silica, mica, carbon black, clay, 
alumina, wood meal, felt, or the like. 

Jrf t£*€ process of cooling t}te heated sheet, the 
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larger the content of olefin rubber and filler material, 
the larger the effect of suppressing t)z€ gradual shrinkage 
of the polypropylene film. On the other hand, as the 
content of the olefin rubber increases, the polypropylene 

film g°QO s-oft-eirer and soft e n er so that the in-mold 

decorating sheet lowers in rigidity. Further, as the 
content of the filler material increases, . the filler 
material becomes more and more likely to separate from the 
polypropylene film surface in tho vacuum molding process, 
making the polypropylene film surface into a recessed-and- 
projected pattern. This recessed-and-projected pattern 
affects the acrylic film, causing the in-mold decorating 
sheet to be degraded in design. 

As a result of a detailed test, it is £e«fid that 
the contents of the olefin rubber and the filler material 
are conditioned by the following proper ranges. 

In the case where EPM or EPDM used as the olefin 
rubber, the proper range for the content of the olefin 
rubber was -#euftd to be 20 - 150 parts by weight on the 
basis of 100 parts by weight of propylene resin. Also, in 
the case where talc A used as the filler material, the proper 
range for the content of the filler material was to 
be 5 - 20 parts by weight on the basis of 100 parts by 
weight of propylene resin. Further, the best proper range 
for both was found to be 50 - 100 parts by weight of EPM or 
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EPDM and 10 - 15 parts by weight of talc on the basis of 
100 parts by weight of propylene resin. 

In addition, as another embodiment,, in the event 
that some failure occurs due to excessive addition of the 
olefin rubber or the filler material, as shown in Fig. 39, 
the polypropylene film 83 is formed from a lamination of a 
plurality of polypropylene film layers 91, 92, wherein 

(1) as one method, the olefin rubber and the filler 
material are contained y£ only jjtfe polypropylene film layer 
that is jKe farther from the acrylic film, and as another 
method, (2) while polypropylene film layer that is- t)x& 

closer to the acrylic film has a smaller content of the 
olefin rubber and the. filler material, the other 
polypropylene film layer that is peg farther from the 
15 acrylic film has a larger content of the olefin rubber and 
the filler material. 

The reason this is that because the 

polypropylene film layer closer to the acrylic film has a 

^ (X 

smaller content of the olefin rubber, pti€ rigidity of 1^e 
20 decorating film as a whole is maintained, and yet because 
the content of the filler material is also small, the 
filler material is less likely to separate from the 
polypropylene film surface p>f heat yet tXe preforming 
process; where the filler material, even if separated, 
25 would be intercepted by the polypropylene film layer that 
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• ^ , a^^ A 

is t^e closer to the acrylic film^ not reachfi^ the acrylic 
film. 

In this case, preferably, the polypropylene film 
layer closer to the acrylic film is made larger in film 
thickness, while the polypropylene film layer farther from 
the acrylic film (i.e., the polypropylene film layer 
forming £h*e outermost layer) is made smaller in film 
thickness. In addition, the polypropylene film layer 
closer to the acrylic film also includes a polypropylene 
film layer that is in direct contact with the acrylic film 
As to the reason this, generally, there is a tendency 

that the larger the film thickness, the smaller the 

shrinkage. Therefore, by the aetLiuy' bha* the. 

polypropylene film layer closer to the acrylic film ^£*^ 
larger in film thickness, any shrinkage of the 
polypropylene film layer farther from the acrylic film can 
J s q made less a^i- ccLabl u- on the acrylic film. 

The film thickness of the polypropylene film 
layer farther from the acrylic film (i.e., the 
polypropylene film layer forming the outermost layer) is, 
preferably, within a range from a film thickness similar to 
that of the acrylic film to a double. 

As to the reason p£ this, generally, the 
polypropylene film layer, even if olefin rubber filler 
terial are contained therein, does not bert»©. so small^ 
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>rr shrinkage factor as^the acrylic film jdo^s. Therefore, 
unless the polypropylene film layer is larger in film 
thickness than the acrylic film, the in-mold decorating 
sheet as a whole would be warped toward the polypropylene 
film layer side. With the polypropylene film lay^^a** 
rtimes — — larger — — f - ilm — ttebe fe nep e — khan the acrylic film, 
there is no substantial difference between their shrinkage 
factors . 

iO 

As ^ the content of the filler material to be 

contained in the polypropylene film layer farther from the 

acrylic film (i.e., the polypropylene film layer forming. 

the outermost layer), its proper amount is 10 - 30 parts by 

weight on the basis of 100 parts by weight of propylene 

resin. As to the reason. ^£^this, if 30 or more parts by 

weight of the filler material is contained, the 

polypropylene film layer would become not only harder to 

mold into a three-dimensional configuration in th -e 

preforming process, but also more difficult to put into 

close contact with the molding resin (or adhesion layer). 

Meanwhile, with 10 or less parts by weight of the filler 
a 

material, t&e shrinkage suppression effect would be 
insufficient so that the who l- c in-mold decorated article 
would be warped toward the polypropylene film layer side. 
(Sixth Embodiment) 

Next, a sixth embodiment of the present invention 
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is described. This sixth embodiment is intended to solve a 
sixth issue, i.e., an improvement in registering accuracy 

a 

of^pattern. 

As the sixth issue, there has been an issue that 
since any of the sheet layers of a three-dimensionally 
workable in-mold decorating sheet tends to be deformed by Q. 
printing machine's tensile force or drying heat to be 
applied in— the formation of tj*€ pattern layer, the in-mold 
decorating sheet is applicable only to patterns having less 
strict registering accuracy such as grain patterns. If 
these sheet layers are made from^too highly, heat-resistant 
material, the sheets become lower in elongation property so 
that the sheets can no longer be worked into a three- 
dimensional configuration. Because of this issue, it is 
inevitably required to select a material which is 
relatively low in heat resistance. However, in the case 
where a material of low heat resistance is selected, 
registering errors are more likely to occur in th e printing 
and drying process, disadvantageously . 

With respect to this sixth issue, the in-mold 
decorating sheet of the sixth embodiment of the present 
invention is so constituted that, as shown in Figs. 17 to 
20, for the formation of t>^ pattern layer 32, a carrier 
sheet 34^ whose dimensional change rate under an ambient 
temperature of 90°C is within 0.6%. is laminated on° £Ke 



substrate sheet 31, and £#e pattern layer 32 is formed on a 

surface of the substrate sheet 31 or £He backing sheet 33 

opposite to the carrier sheet 34,* or that for the formation 

of the pattern layer 32, the pattern layer 32 is formed on 

a carrier sheet 34 whose dimensional change rate under an 

ambient temperature of 90°C is within 0.6%, and thereafter 

the substrate sheet 31 is laminated o^the pattern layer ^ 

side and further the carrier sheet 34 is separated and 

removed, by* which the pattern layer 32 is formed on the 
A 

surface of the substrate sheet 31 or the backing . sheet 33. 

The pattern layer 32, which is purposed to 
express characters, graphics, symbols, and the like on £he 
surface of the in-mold decorated article j or to express a 
colored surface, is formed between the substrate sheet 31 
and the backing sheet 33. 

The pattern may be all-over solid in silver 
metallic color or the like, or may be one having a wood 
grain pattern or a stone grain pattern or the like in a 
single color or multiple colors. Further, the pattern may 
be a lamination of a transparent yellow all-over solid or 
pattern layer and, a silver metallic all-over solid or 
pattern layer to represent a gold all-over solid or pattern 
layer . 

However, in the case of black-, metallic-color 
based all-over solid decoration or the like, since the 



decoration can be achieved by toning the color of the 
backing sheet, the pattern layer may be omitted. 

The pattern layer 32 comprises at least one layer 
selected from a group consisting of a pigment ink layer 
composed of pigment and resin binder, a bright pigment 
layer composed of pearl pigment and resin binder, and a dye 
ink layer composed of dye and resin binder. The, pattern 
layer 32 is formed ^^^re^eral-purpose printing ^ft^ 
(gravure, offset, screen) or by roll coating, reverse 
coating, lip coating, or the like. - 

Also, the pattern layer 32 may be a metallic thin 
film layer or a combination of a metallic thin film layer 

and a print layer. The metallic thin film layer is formed 

_ (X 

by^ vacuum deposition process, sputtering process, ion 
plating process, plating process, or the like. Metals such 
as aluminum, nickel, gold, platinum, chromium, iron, copper, 
tin, indium, silver, titanium, lead, or zinc, or their 
alloys or compounds, are used depending on the metallic 
luster color to be expressed. 

However, with patterns to which high registering 
accuracy is required as in the sixth issue described before, 
there is an issue that registering errors are more likely 
to occur t>6 printing and drying process. 

In such a case, for the formation of the pattern 
layer 32, a carrier sheet 34^ whose dimensional change rate 
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under an ambient temperature of 90°C is within 0.6%^ is 
laminated o&° the substrate sheet 31, and the pattern layer 
32 is formed on a surface of the substrate sheet 31 or the 
backing sheet 33 opposite to the carrier sheet 34* or for 
the formation of the pattern layer 32, the pattern layer 32 
is formed on a carrier sheet 34 whose dimensional change 
rate under an ambient temperature of 90°C is within 0.6%, 
and thereafter^ the substrate sheet is laminated otP the 
pattern layer ^ side and further the carrier sheet 34 is 
separated and removed, by which the pattern layer 32 is 
formed on the surface of the substrate sheet 31 or the 
backing sheet 33. That is, it is appropriate that (1) tha 

carrier sheet 34 having a high dimensional stability to 

A. 

heat is laminated oil the substrate sheet 31, and then the 

pattern layer 32 is printed and formed (see Fig. 42); or 

that (2) the pattern layer 32 is printed and formed on the 

carrier sheet 34, and then the pattern layer 32 is 

transferred to the substrate sheet 31. 

In more detail, a composite film formed from a 

lamination of the carrier sheet 34 and the substrate sheet 

31 is used as an original fabric, the pattern layer 32 is 

formed on a surface of the substrate sheet 31 on one side 

opposite to the carrier sheet 34, and thereafter the 

carrier sheet 34 is separated and removed. After this, the 

A 

backing sheet 33 is laminated. 



63 



Otherwise, the pattern layer 32 is formed on a 
surface of the substrate sheet 31 on one side opposite to 
the carrier sheet 34, and thereafter the backing sheet 33 
is laminated orP the pattern layer ^ side of the substrate 
sheet 31. Therefore, the carrier sheet 34 is separated and 
removed^ 

/Alternatively, the following *-way may be 
-toJcen. As shown in Fig. 18, with another carrier sheet 34 
used as an original fabric, the pattern layer 32 is j$fc<£ 
formed on a surface of the carrier sheet 34, thereafter the 
substrate sheet 31 is stacked and laminated on^ the pattern 



layer side, and thereafter, as shown in Fig. 19, the 

carrier sheet 34 is, separated and removed, by which the 
pattern layer 32 is transferred to the substrate sheet 31. 
After this, as shown in Fig. 20,- the backing sheet 33 is 
laminated onf° the pattern layer >£l side of the substrate 
sheet 31, by which an in-mold decorating sheet 45^ in which 
the pattern layer 32 is placed between the substrate sheet 
31 and the backing sheet 33^ is formed (see Fig. 17). . 

Further, the following -way may also be -taken. 
With another carrier sheet 34 used as an original fabric, 
the pattern layer 32 is formed on a surface of the carrier 
sheet 34, the backing sheet 33 is stacked and laminated oh\° 
the pattern layer ^ side, and thereafter the carrier sheet 
34 is separated and removed, by which the pattern layer 32 
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is transferred to the backing sheet 33. After this, the 
substrate sheet 31 is laminated onP the pattern layer ^ 
side of the backing sheet 33. 

Further, the following 4*ay may also be t r ak er*-. As 
shown in Fig. 42, with another carrier sheet 34 used as an 
original fabric, the substrate sheet 31 is laminated or^ a 
surface of the carrier sheet 34, the pattern layer 32 is 
formed on one side of the substrate sheet 31 opposite to 
the carrier sheet 34, and further as shown in Fig. 43, the 
backing sheet 33 is laminated orP the pattern • layer 32. 

Thereafter, the carrier sheet 34 is separated and removed, 

A 

by which an in-mold decorating sheet 45^ in which the 
pattern layer 32 is placed between the substrate sheet 31 
and the backing sheet 33^ is formed. 

As the carrier sheet 34, one whose dimensional 
change rate under an ambient temperature of 90 °C is within 
0.6% j and which is high in tensile strength and superior in 
surface smoothness^ is used. 

As a carrier sheet 34 whose dimensional change 
rate under an ambient temperature of 90 °C is within 0.6%, 
since the sheet is to be separated and removed ^^^-the- 
manufacturing process of the in-mold decorating sheet, it 
is preferable to use inexpensive biaxially oriented 
polyester films or biaxially oriented polypropylene films. 

As to t^Ke setting of the ambient temperature to 
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90 C, t*fe atmospheric temperature inside tj& drying unit 
installed in a normal multicolor printing machine is 60 - 
90°C, and the highest value, 90°C, is herein adopted. The 
higher the di^y«*g temperature the drying process is 
performed, the more residual organic solvent contained 

in the ink of the pattern layer 32 can be scattered so that 
the in-mold decorating sheet 45 can be prevented from 
d e t e rioration - due to residual organic solvent. 

Also, the dimensional change rate herein refers 
to a rate (0.5/80, i.e. 0.6% as an example of the -sixth 
embodiment of the present invention) of a dimensional 
change (within 0.5 mm as an example of the sixth embodiment 
of the present invention) due to elongation or shrinkage 
resulting when a sheet having a specified length dimension 
(80 mm as an example of the sixth embodiment of the present 
invention) at normal temperature (20°C) is left under an 
ambient temperature (90°C as an example of the sixth 
embodiment of the present invention) . 

As to the setting of the dimensional change rate 
to within 0.6%, when in-mold decorated sheet articles were 
actually manufactured, the sizdS of the manufactured in-mold 
decorating sheets -was approximately 80 mm x 250 mm for an 
air-conditioner heater panel, 160 mm x 450 mm for a speed 
meter/fuel display panel, and 250 mm x 800 mm for a front 
grille. Therefore, with respect to the shortest dimension, 
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80 mm, out of these in-mold decorating sheets, there is a 
need for a printing registering accuracy of ±0.5 mm in 
order^ that ordinary people do not have a feeling 
wongn e ss againo t printing registering differences, hence a 
value of 0.5/80, i.e., within 0.6%. 

A 

T«e thickness of the carrier sheet 34 is, 

preferably, within a range of 5 - 300 pn. With 

thickness under 5 |jm, the carrier sheet 34 could /£e\easily 

cx 



cut by £Xe tensile force of the printing machine; with Ore 

A 



thickness beyond 300 pm, the carrier sheet 34 would be 
difficult to set up hs t$e rotary printing press^causing 
productivity to lower. Particularly, a carrier sheet 
34 having a thickness of 15 - 50 |im offers better 
workability ^rf laminating to or separating from t)*fe 
substrate sheet 31, A thus^more preferable. - Like — this, as 
compared with a case where J^fe pattern layer 32 is formed 

-K) 

by printing directly on tjxg substrate sheet 31 of the order 
of several hundreds |im, use of a carrier sheet 34 .smaller 
in thickness^ enables printing and production by a 

multicolor rotary press, which leads to an improvement in 
mass productivity. 

In order to facilitate JMe separation of tj*^ 
carrier sheet 34 from t^pd substrate sheet 31^ or pt(k 

transfer of tp£ pattern layer 32 from tpfe carrier sheet 34 

y a 
to pte substrate sheet 31 or tjafe backing sheet, it is also 
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advisable to execute a mold release treatment on t>e 
surface of the carrier sheet 34 so as to facilitate t)x€ 
separation. 

However, with excessive separability, the carrier 
sheet 34 might be separated from the substrate sheet before 
pte formation of the pattern layer 32, or the pattern layer 
32 eottl-d, not be held on the carrier sheet 34 until the 
pattern layer 32 is transferred. Therefore, the carrier 
sheet .34 is controlled so as to have an appropriate peeling 
strength of about 5 - 100 gf/cm. 

More specifically, it is recommendable to adopt a 
heat lamination process, in which with a mold release layer 
formed on >tfe^carrier sheet 34, the carrier sheet 34 and 
substrate sheet 31, af ter^^aminated together, are 
bonded to each other by applying a pressure thereto while b?\*^ 
heated on one side or both sides. 

Next, method for manufacturing an in-mold 

decorated article by using tjare in-mold decorating sheet 45 
having the above-described constitution is described. 

First, the in-mold decorating sheet 45 is set to 
* y pcx^ erf 

%#e surface of tjpfe movable die 35, which is an injection 

mold, by m©aa« of tjx? clamp member 38 (see Fig. 21) . \\ ^eccA^ 1 

A concrete example of the - wa y of setting^to the 

movable die 35 is as follows. A longer in-mold decorating 

sheet 45 is j>rr6e wound up on a roll shaft so as to be 
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formed into a roll^state, and the resulting roll is placed 

at an upper portion of the movable die 35 fo r ift^ect4on 

^aoidiiTg so as to be movable integrally with the movable die 
35. Then, the in-mold decorating sheet 45, while being 
wound out from the roll, is passed - throu gh between the 
retracte d movable* die 35^and tjxg stationary die 36 so as to 

A J\v\ f c> 

be wound up by a roll shaft of a film winding nte&m which 
is set at a lower portion of the injectiuu me ^dxjag movable 
die 35 so as to be movable integrally with the movable' die 
35. Another example may be that a leaf-like in-mold 

a 

decorating sheet 45 is set to tpfe surf ace . of the movable 
die 35 by A robot or human hand. For the setting of the in- 
mold decorating sheet 45 to the surface of the movable die 
35, after the in-mold decorating sheet 45 is placed on the 
surface of the movable die 35, t*fe position of the in-mold 
decorating sheet 45 relative to the surface of the movable 
die 35 is determined by a positioning sensor or the like, 
and the in-mold decorating sheet 4 5 may be pressed by tjx£ 
clamp member 38 to the surface of the - inj e cti o n m o lding 
movable die 35. 

Subsequently, the in-mold decorating sheet 45 is 
set to the surface of the injoction - moldi ftg movable die 35, 
and thereafter with Wfe use of tp4 vacuum suction holes 42 
formed in the injection mc r lTlin g movable die 35, the in-mold 
decorating sheet 45 is vacuum-sucked along JA(e cavity- 



69 



forming surface 37 of the movable die 35, by which the in- 
mold decorating sheet 45 is worked into a three-dimensional 
configuration along y*- e recessed portion of the jnjorf^ n - 
aoidiftg movable die 35, i.e., the cavity- forming surface 37 
of cavity 43 (see Fig. 22). A concrete example is a 

method which includes steps of £ heating to its softenina 
point o^— higher . the in-mold decorating sheet 45 set to the 
surface of the movable die 35* by a heating plate or the 
like inserted between the movable die 35 and the stationary 
die 3 6,. and thereby softening the in-mold decorating sheet 
45 y closing the space between the recessed portion of. the 
-Inj^trti^^ movable die 35 and the in-mold decorating 

sheet 45^ and performing evacuation and vacuum suction 
through the vacuum suction holes 42 so that the in-mold 
decorating sheet 45 is put into close contact with the 
recessed-portion inner surface (cavity- forming surface 37) 
of the injection m el^4ftg movable die 35. In tk e process of 
working^into a three-dimensional configuration, or in—3r*re- 
process of pressing and clamping the in-mold decorating 
sheet 45 by the clamp member 38, $fre trimming prococc of 
t)x€ unnecessary portions of the in-mold decorating sheet 45 
may be de»e . 

Instead of this method, before the in-mold 
decorating sheet 45 is set to the surface of the irrjuLi u n - 
- mo . lding movable die 35, the in-mold decorating sheet 45 may 
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preparatorily be worked into a desired configuration with a 
mold for three-dimensional working and molding^ other than 
the in action - moldi ng movable die 35 and stationary die 36, 
and also trimmed into a desired configuration, and then the 
5 three-dimensionally worked in-mold decorating sheet 45 is 
fitted into the recessed portion of the i n j nrt i nn-Tnni Hi P g 
movable die 35. As y*fe methodS for three-dimensional 
working, there are vacuum molding method, A air-pressure 
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. . H a. .fS rming method, pressing method in which heated rubber is 

pressed, press molding method, and the like. In addition, +^ 
trimming process may be - eteae concurrently with the process 
of working^into a three-dimensional configuration. 

Next, with the movable die 35 clamped to the 
stationary die 36, tjxg molding resin 40 in^molten state is 
injected from tp^ gate portion 39 of the stationary die 36 
into t)x& cavity 43, and the molding resin 40 is solidified 

a 

so that resin molded article 41 is formed within the 

cavity 43 while the in-mold decorating sheet 45 is-bonded 
integrally to ^Jfe surface of the resin molded article 41 
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20 -e oncurreiiLl - y - (see Fig. 23) 



Thereafter, the resin molded article 41 is taken I 

t 

from the movable die 35, and then unnecessary portions • 
of the in-mold decorating sheet 45 bonded to the resin 
molded article 41 are removed (see Fig. 24). In the case 

i 

25 where the in-mold decorating sheet 45 has preparatorily ! 



i 
I 
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been trimmed into a desired configuration as described 
above, the step of removing the unnecessary portions of the 
in-mold decorating sheet 45 is unnecessary. 

The movable die 35 and the stationary die 36 • as 
the injection mold are not particularly limited to the 
above embodiment . It is appropriate to use a mold which is 
made-up of a movable die 35. and a stationary die 36 having 
a gate portion 39 for injecting the molding resin 40, where 
when the stationary die 36 and the movable die 35 are 
closed, a singularity or plurality of cavities 43 
surrounded by the cavity-forming surfaces 37 of the 
stationary die 36 and the movable die 35 are formed. The 
in-mold decorating sheet 45 set within the cavities 43 
formed by the movable die 35 and the stationary die 36 -#enr 
i .nj o gt i n-n — me -3r€fe* q covers the cavity- forming surfaces 37. 
The cavities 43 may be provided as those which form a hole 
portion in the resin molded article 41. The recessed 
portion that formSthe cavities 43 may be formed in either 
the stationary die 3 6 or the movable die 35. The movable 
die 35 or the stationary die 36 may have ^ clamp member 38 
for pressing and fixing the in-mold decorating sheet 45 
around the recessed portion (see Figs. 21 to 23). The 
clamp member 38 may also be installed in the stationary die 
3 6 or the movable die 35. 

The molding resin 40 is not particularly, limited. 



» 
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Typical molding resins 40 to be used for interior 
automotive trims and exterior automotive trims are 
exemplified by polycarbonate resin, acryionitrile butadiene 
resin, talc-containing polypropylene resin, and alloys of 
these resins. 

In addition, whereas the above description 
applies, as it is, to horizontal injection molding machines, 
the relationship between the stationary mold 36 and the 
movable mold 35 is reversed in the case of a vertical 
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injection molding machine. Also, the mold of the injection 
^ molding machine is applicable not only to two mold type but iS 

also^three mold type similarly. 
(Seventh Embodiment) 

Next, a seventh embodiment of the present 
15 invention is described. This seventh embodiment is 

intended to solve a seventh issue, i.e., deficiency of 
opacifying power of £1*6 pattern layer. 

The pattern layer, which is formed by coating, 
shows, in some cases, a color vision with high opacity and, 
20 in other cases, a color vision without high opacity, 
depending on differences in opacifying power among coloring 
materials for individual colors. The seventh issue is that 
when a pattern layer must be formed with a color vision 
quite different from thte color of £fre backing sheet because 
25 of low opacifying power (for example, in the case of high- 



chroma yellow) , there are some cases where a desired color 
vision cannot be obtained due to effects of the color of 
the backing sheet. 

With respect to the seventh issue, the in-mold 
decorating sheet of the seventh embodiment of the present 
invention is so constituted that a second pattern layer 68 
is formed between prg" backing sheet 66 and pattern 
layer 63, as shown in Fig. 29. 

More specifically, the pattern layer 63, which is 
formed by A general-purpose printing -mparts, or the. like, shows, 
in some, cases, a color vision with high opacity and, in 
other cases, a color vision without high opacity, depending 
on differences in opacifying power among coloring materials 
for individual colors. 

When the pattern layer 63 must be formed with a 
color vision quite different from the color of the backing 
sheet 66 because of low opacifying power (for example, in 
the case of high-chroma yellow) , there are some cases where 
a desired color vision cannot be obtained due to effects of 
the color of the backing sheet 66. 

In such a case, the second pattern layer 68 is 
formed in order to enhance the opacifying power of the 
pattern layer 63. 

The second pattern layer 68 may be formed either 
by coating or as a sheet. 
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The material of the second pattern layer 68 is, 
preferably, one which prevents vaporization and foaming, as 
in the case of the backing sheet 66. 

The reason p£ this is that even in the case. where 

5 the backing sheet 66 is not made of a material that 

prevents vaporization and foaming, the provision of the 

second pattern layer 68 that prevents vaporization and 

foaming makes it possible to suppress occurrence that 

fetfe surface of the in-mold decorating sheet 61 appears an 

A 

10 orange-peel state even upon occurrence of vaporization and 
foaming of p*€ foaming components in the backing sheet 66. 
This could be attributed to the fact that it is only the 
backing sheet that vaporizes and foams, and the second 
pattern layer 68 acts to prevent t}*^ gas generated from the 

15 backing sheet from reaching the pattern layer 63. 

Concrete examples of such a material of the 
second pattern layer 68 are polyethylene resins, 
polypropylene resins, styrene resins, fire retardant ABS 
resins, or thermoplastic polybutadiene resins. More 

20 specifically, available as the material are polypropylene 
resin whose coefficient of water absorption is 0.03% or 
lower, polyethylene resin whose coefficient of water 
absorption is 0.01% or lower, polystyrene resin whose 
coefficient of water absorption is 0.07% or lower, fluoric 

25 resin whose coefficient of water absorption is 0.03% or 
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lower, polyethylene terephthalate resin whose coefficient 
of water absorption is 0.15% or lower, polybutylene 
terephthalate resin whose coefficient of water absorption 
is 0.08% or lower, methacryl-styrene copolymer resin whose 
coefficient ,of water absorption is 0.15% or lower, fire 
retardant acrylonitrile butadiene-styrene copolymer resin 
(fire retardant ABS resin) whose coefficient of water 
absorption is 0.09% or lower,. or thermoplastic 
polybutadiene resin whose coefficient of water absorption 
is 0.09% or lower. 

A 

Jke thickness of the second pattern layer 68 is, 
preferably, not less than 10 jam in order to obtain 
opacity and vaporization/foaming prevention properties, and 
less than 200 pm for prevention of ^fe visibility of 
trimming cross-section lines. 

Although the molding resin is not particularly 
limited, the most typical molding resins for use in 
interior and exterior automotive trims or electrical 
appliances are polystyrene, acrylonitrile styrene copolymer 
resin, acrylonitrile butadiene-styrene copolymer resin, or 
polycarbonate resin and polypropylene resin and the like. 

When polystyrene, acrylonitrile styrene copolymer 
resin, acrylonitrile butadiene-styrene copolymer resin, or 
Polycarbonate resin is used as the molding resin, the 
primary material for the in-mold decorating sheet is, 
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preferably, acrylic resin, styrenic resin (including 
styrenic elastomer resins) , acrylonitrile butadiene-styrene 
base resin, thermoplastic polybutadiene base resin, 
polycarbonate base resin, or the like, in view of t>*e 
5 recyclability after use. When polypropylene resin is used 
as the molding resin, the material of the in-mold 
decorating sheet is, preferably, polypropylene resin or 

polyethylene resin in view of tKe recyclability after use 

^ tp 
and fefee- adhesion wjrth the molding resin. 

1° \ . The most common method for three-dimensional 

working^ is a vacuum molding method, which is a method in 

which the in-mold decorating sheet is heated to the 

A 

softening point or hig kar so as to be put into a soft and 
extendable state, and then vacuum-sucked and pulled in so 
15 as to come into close contact with pAe inner surface of tptfe 

a 

cavity of ttfe mold for vacuum molding, and thus molded into . 
a desired three-dimensional configuration. 

Other three-dimensional working methods are air- 

A 

A 

pressure forming method, pressing method in which heated 

20 rubber is pressed, press molding method, and the like. v * 

A A of a- - ™ Jl (J J*rc*ccr^ V**^ 

After t^fcr^" three-dimensional working, unnecessary 

A 

portions of the in-mold decorating sheet, which are 

a 

excluded from tj^ decoration of tKe resin molded article, 
are removed by trimming. As the trimming method^ usable 
25 are a method in which the in-mold decorating sheet is 
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burned out and cut by irradiation of a laser beam, a method 
in which the in-mold decorating sheet is punched out by 
press working with a punching die prepared for trimming use, 
and the like. 

The in-mold decorating sheet of a three- 
dimensional configuration, after the trimming removal is 

fitted and set into yfe injection mold, and with the mold 

(x 

clamped, tl*€ molding resin in^molten state is injected into 
$Xe cavity and then cooled so that tfefe resin molded article 
is formed, while the in-mold decorating sheet is integrally 
bonded to %tfe surface of the resin molded article 
c oncurrently . 

In the foregoing embodiments, it is also possible 
to make the in-mold decorating sheet colored-looking by 
coloring £>le substrate sheet or backing sheet without 
providing any pattern layer. 

More specifically, for example, Fig. 45 shows a 
state in which a backing sheet 3 adjacent to a substrate 
sheet 1 is a colored sheet of metallic red or the like, 
with black pigment 3m mixed therein. Also, Fig. 46 shows a 
state in which a backing sheet 3 adjacent to a substrate 
sheet 1 having a thickness of not more than 200 jam is a 
colored sheet of metallic red or the like, with black 
pigment 3b mixed therein. Fig. 47 shows a state in which a 
backing sheet 3 is adjacent to a colored substrate sheet 1. 



Fig. 48 shows a state in which t#e total thickness is not 

^ A 

more than 200 jun^ and in which a transparently colored 
pattern layer 2 is set between two colorless transparent 
substrate sheets 1A^ IB. 
(Working Example 1) 

An in-mold decorating sheet was manufactured 
under the following conditions. 

On top of an acrylic film having a film thickness 
of 50 [m and a surface pencil hardness of HB, a 5 jam thick 
pattern layer was formed with the use of acrylic ink. 
■Further (cAi top of t^is^ with chlorinated polypropylene 
based adhesive ink interposed, a 200 jim thick black 
polypropylene film (coefficient of water absorption: 0.01%; 
color: L* = 10, a*=3, b*=-5) , and a 150 j^m thick blackish 
brown polypropylene based film (coefficient of water 
absorption: 0.03%; with 60 parts by weight of EPDM and 15 
parts by weight of talc blended on the basis of 100 parts 
by weight of polypropylene; color: L*=10, a*=3, b*=-5) were 
sequentially laminated, by which an in-mold decorating 
sheet having a thermal deformation temperature of 140°C was 
obtained. This in-mold decorating sheet exhibited a 200% 
elongation performance without being thermally decomposed 
when heated to 160°C, and had a Young's modulus of 85 
kgf/mm 2 at normal temperature. 

This sheet was vacuum-molded by heating to 160°C, 
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trimmed by^ laser, and inserted into an injection mold. 
Then polypropylene resin was injected at a molding 
temperature of 220°C / by which an in-mold decorated article 
was obtained. 
(Working Example 2) 

An in-mold decorating sheet was manufactured 
under the following conditions. 

On top of a crystalline polypropylene film having 
a film thickness of 200 |im and a surface pencil hardness of 
2B, a 5 jam thick pattern layer was formed with the use of 5 
Mm urethane based ink. Furthor Qti top of th^witf 
chlorinated polypropylene based adhesive ink interposed, a 
400 ^m thick black polypropylene film (coefficient of water 
absorption: 0.01%; color: L*=8, a* = 6, b*=-2), was laminated, 
by which an in-mold decorating sheet having a thermal 
deformation temperature of 150°C was obtained. This in- 
mold decorating sheet exhibited a 130% elongation 
performance without being thermally decomposed when heated 
to 170°C, and had a Young's modulus of 70 kgf/mm 2 at normal 
temperature . 

This sheet was vacuum-molded by heating to 170°C, 
trimmed by A laser, and inserted into an injection mold. 
Then, polypropylene resin was injected at a molding 
temperature of 220°C, by which an in-mold decorated article 
was obtained. 
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(Working Example 3) 

An in-mold decorating sheet was manufactured 
under the following conditions. 

On top of an acrylic film having a film thickness 
of 50 jam- and a surface pencil hardness of HB, a 5 thick 
pattern layer was formed with the use of acrylic ink. 
■Further *dn top of this^ with vinyl acetate based adhesive 
ink interposed, an intermediate sheet layer formed p$ a 100 
|im thick polystyrene film (coefficient of water absorption: 
0.1%; color: yellow), and a 350 |am thick black 
acrylonitrile butadiene-styrene film (coefficient of water 
absorption: 0.4%; color: L*=7, a*=l, b*=l) were 
sequentially laminated, by which an in-mold decorating 
sheet having a thermal deformation temperature of 110°C was 
obtained. " This in-mold decorating sheet exhibited a 180% 
elongation performance without being thermally decomposed 
when heated to 150°C, and had a Young's modulus of 140 
kgf/mm 2 at normal temperature. 

This sheet was vacuum-molded by heating to 150 °C, 
trimmed by^ laser, and inserted into an injection mold. 
Then acrylonitrile butadiene-styrene resin was injected at 
a molding temperature of 230 °C, by which an in-mold 
decorated article was obtained. 
(Working Example 4) 

An in-mold decorating sheet was manufactured 
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under the following conditions. 

On top of a noncrystalline polyester copolymer 
film having a film thickness of 60 |im, a 500A metallic 
pattern layer formed of an evaporated aluminum film and a 2 

Mm adhesive layer formed of vinyl acetate based ink were 
formed sequentially. 

Thereafter, with polyurethane based dry laminate 
adhesive ink interposed, a 200 |jm thick black polypropylene 
film (coefficient of water absorption: 0.01%; color: L*=10, 
a*=3, b*=-5), and a 250 jjm thick blackish brown 
polypropylene based film (coefficient of water absorption: 
0.03%; with 60 parts by weight of EPDM and 15 parts, by 
weight of talc blended on the basis of 100 parts by weight 
of polypropylene; color: L*=10, a*=3, b*=-5) were 
sequentially laminated, by which an in-mold decorating 
sheet having a thermal deformation temperature of 130 °C was 
obtained. This in-mold decorating sheet exhibited a 160% 
elongation without being thermally decomposed when heated to 
150°C / and had a Young's modulus of 90 kgf/mm 2 at normal 
temperature . 

This sheet was vacuum-molded by heating to 160°C, 
trimmed by^ laser, and inserted into an injection mold. 
Then polypropylene resin was injected at a molding 
temperature of 220°C / by which an in-mold decorated article 
was obtained. 
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(Working Example 5) 

An in-mold decorating sheet was manufactured 
under the following conditions. 

On top of a biaxially oriented polyethylene 
terephthalate film having a film thickness of 25 pan, a 
four-color surprinted pattern layer having a registering 
accuracy within 0.2 mm, and a 2 p adhesive layer of vinyl 
acetate based ink were sequentially formed. 

The ink layer side of this film was stacked on a 
polycarbonate film having a film thickness of 80 jim and a 
surface pencil hardness of HB, and pressed by a 220°C 
thermal transfer roll, by which the pattern layer and the 
adhesive layer were transferred onto the 1 -achylic film sicfe . 

Further on top of this, with vinyl acetate based 
adhesive ink interposed, an intermediate sheet layer formed 
by a 100 |jm thick polystyrene film (coefficient of water 
absorption: 0.1%; color: yellow), and a 250 jam thick black 
acrylonitrile butadiene-styrene film (coefficient of water 
absorption: 0.4%; color: L*=7, a*=l, b*=l) were 
sequentially laminated, by which an in-mold decorating 
sheet having a thermal deformation temperature of 120°C was 
obtained. This in-mold decorating sheet exhibited a 160% 
elongation performance without being thermally decomposed 
when heated to 150°C / and had a Young's modulus of 160 
kgf/mm 2 at normal temperature. 
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This sheet was vacuum-molded by heating to 150 °C, 

a 

trimmed by^laser, and inserted into an injection mold. 
Then acrylonitrile butadiene-styrene resin was injected at 
a molding temperature of 230°C, by which an in-mold 
decorated article was obtained. 

Although the present invention has been fully 
described in connection with the preferred embodiments 
thereof with reference to the accompanying drawings, it is 
to be noted that various changes and modifications are 
apparent to those skilled in the art. . Such changes and 
modifications are to be understood as included within the 
scope of the present invention as defined by the appended 
claims unless they depart therefrom. 
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ABSTRACT cAr Tttt D)S>Ci<^t^ 



An m-mold decorating sheet £m use 0 *- in . a 
manufacturing method of an in-mold decorated article*, The 
method in c ludin g setting an in-mold decorating sheet into pk 
mold 5 ) for injection-moldings ^Tfter clamping the mold, 

Ofi^^trrrrg molding resin 4*07 and alloww^r the luuldiny — g ee-in 
to ^6- cooltfft and solidif by which entimLy or part of the 

in-mold decorating sheet is integrally bonded to a surface of 
the molding resin. The in-mold decorating sheet { 3, 4D> — 

comprises at least a substrate sheet - (1, G2 - ) and a backing 

sheet — , and exhibits a tensile load at break of not 
less than 23 gf for prevention of breaking during the 
molding procoo -s as well as a tensile elongation at 4w^ajc of 
not less than 130% for elongation without breaking at j^be 
softening temperature. 



